Copy  No. 


Defence  Research  and  Recherche  et  developpement 
l"|  Development  Canada  pour  la  defense  Canada 


DEFENCE 


SR-1447  Fracture  Mechanics 
Characterization  of  Aluminum  Alloys  for 
Marine  Structural  Applications 

J.  Keith  Donald 
Amy  Blair 

Fracture  Technology  Associates 

Fracture  Technology  Associates 
24 12  Emrick  Boulevard 
Bethlehem,  PA  18020,  USA 


FTA  #  SSC  10624-01 

Contract  Number:  W7707-053033/001/HAL 

Contract  Scientific  Authority:  Dr.  Leon  Cheng,  902-427-2601 

Defence  Scientist,  Emerging  Materials  Section 


The  scientific  or  technical  validity  of  this  Contract  Report  is  entirely  the  responsibility  of  the  contractor  and 
the  contents  do  not  necessarily  have  the  approval  or  endorsement  of  Defence  R&D  Canada. 


Defence  RSrD  Canada  -  Atlantic 

Contract  Report 
DRDC  Atlantic  CR  2007-019 
January  2007 


Canada 


This  page  intentionally  left  blank. 


SR-1447  Fracture  Mechanics 
Characterization  of  Aluminum  Alloys  for 
Marine  Structural  Applications 


J.  Keith  Donald 
Amy  Blair 

Fracture  Technology  Associates 

Fracture  Technology  Associates 
2412  Emrick  Boulevard 
Bethlehem,  PA  18020,  USA 

FTA  #  SSC  10624-01 


Contract  number:  W7707-053033/001/HAL 

Contract  Scientific  Authority:  Dr.  Leon  Cheng,  (902)  427-2601 

Defence  Scientist,  Emerging  Materials  Section 


The  scientific  or  technical  validity  of  this  Contract  Report  is  entirely  the  responsibility  of 
the  contractor  and  the  contents  do  not  necessarily  have  the  approval  or  endorsement  of 
Defence  R&D  Canada. 


Defence  R&D  Canada  -  Atlantic 

Contract  Report 

DRDC  Atlantic  CR  2007-019 

January  2007 


Leon  Cheng 


Approved 


Calvin 

Section  Head,  Emerging  Materials 


Approved  for  release  by 


Foster 
/fljDKP  Chair 


The  scientific  or  technical  validity  of  this  Contract  Report  is  entirely  the  responsibility 
of  the  contractor  and  the  contents  do  not  necessarily  have  the  approval  or  endorsement 
of  Defence  R&D  Canada. 


©  Her  Majesty  the  Queen  as  represented  by  the  Minister  of  National  Defence.  2007 
©  Sa  majeste  la  reine,  representee  par  le  ministre  de  la  Defense  nationale,  2007 


Abstract 


The  Ship  Structure  Committee  (SSC)  identified  a  lack  of  information  required  for 
structural  integrity  and  damage  tolerance  analyses  of  aluminum  marine  structures.  The 
development  of  such  data  is  vital  in  light  of  the  increased  use  of  aluminum  alloys  in 
marine  construction.  Under  SSC  project  SR- 1447,  Fracture  Technology  Associates 
was  contracted  to  characterize,  through  experimental  fracture  mechanics,  the  fatigue 
crack  growth  (FCG)  resistance  and  fracture  toughness  of  three  aluminum  alloys  (5083, 
5086,  5383)  used  in  marine  structural  applications.  Fatigue  crack  growth  testing  was 
performed  following  ASTM  Standard  E  647-00  in  laboratory  air  at  room  temperature 
and  in  simulated  ocean  water  per  ASTM  Standard  D  1 141.  Non-linear  fracture 
toughness  testing  was  performed  in  accordance  with  ASTM  Standard  E  1820-01  in 
laboratory  air  at  room  temperature.  For  the  three  different  grades  of  material,  the 
difference  in  fatigue  crack  growth  rate  in  laboratory  air  was  negligible.  In  simulated 
seawater  environment,  AA5086  showed  a  slightly  superior  performance.  In  addition, 
all  samples  showed  the  same  ranking  of  toughness  with  the  5086  showing  the  highest 
toughness,  followed  by  5083  and  then  5383. 


Resume 


Le  Comite  sur  la  structure  des  navires  (CSN)  a  identifie  des  lacunes  dans  T information 
requise  pour  1’ analyse  de  l’integrite  structurale  et  de  la  tolerance  aux  avaries  des 
structures  maritimes  en  aluminium.  Le  developpement  de  ces  donnees  est  vital  en  ce 
sens  que  l’on  utilise  de  plus  en  plus  les  alliages  d’ aluminium  dans  la  construction 
maritime.  Dans  le  cadre  du  projet  SR- 1447  du  SSC,  on  a  donne  un  contrat  a  la  societe 
Fracture  Technology  Associates  pour  qu’elle  caracterise,  grace  a  des  experiences  de 
mecanique  de  la  rupture,  la  resistance  a  la  propagation  des  fissures  en  fatigue  (PFF)  et 
la  tenacite  (resistance  a  la  propagation  brutale  de  fissures)  de  trois  alliages 
d’ aluminium  (5083,  5086,  5383)  utilises  dans  des  applications  structurales  maritimes. 
Des  essais  sur  la  propagation  des  fissures  en  fatigue  ont  ete  realises,  conformement  a 
la  norme  ASTM  Standard  E  647-00,  hors  de  l’eau  et  en  laboratoire,  a  la  temperature 
ambiante,  ainsi  que  dans  un  milieu  marin  simule  en  suivant  la  norme  ASTM  Standard 
D  1141.  Des  essais  sur  la  resistance  a  la  propagation  de  fissures  non  lineaires  ont  ete 
realises,  conformement  a  la  norme  ASTM  Standard  E  1820-01,  hors  de  l’eau  et  en 
laboratoire,  a  la  temperature  ambiante.  Pour  les  trois  nuances  d’ alliages  differentes,  la 
difference  dans  le  taux  de  propagation  des  fissures  en  laboratoire  et  hors  de  l’eau  etait 
negligeable.  Dans  le  milieu  marin  simule,  l’alliage  AA5086  a  demontre  une 
performance  legerement  superieure.  En  outre,  tous  les  echantillons  se  sont  situes  a 
l’interieur  de  la  meme  plage  de  tenacite,  l’alliage  5086  etant  le  plus  resistant,  suivi  de 
l’alliage  5083,  puis  de  l’alliage  5383. 
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Executive  summary 


Introduction 

As  part  of  a  Ship  Structure  Committee  (SSC)  project  (Project  SR- 1447),  Fracture 
Technology  Associates  was  contracted  to  characterize,  through  experimental  fracture 
mechanics,  the  fatigue  crack  growth  (FCG)  resistance  and  fracture  toughness  of  three 
aluminum  alloys  (5083,  5086,  5383)  used  in  marine  structural  applications.  AA5083 
is  one  of  the  aluminum  alloys  most  widely  used  for  the  plate  components  of  high¬ 
speed  craft.  Although  5083  performs  well  in  its  marine  applications,  it  was  not 
developed  specifically  for  this  environment  and  5383  was  specifically  developed  to 
help  optimize  aluminum  behavior  in  the  marine  environment. 

Significance 

The  Ship  Structure  Committee  identified  a  lack  of  information  required  for  structural 
integrity  and  damage  tolerance  analyses  of  aluminum  marine  structures.  To  acquire 
such  information  requires  the  characterization  of  fatigue  crack  growth  resistance  and 
fracture  toughness  through  experimental  fracture  mechanics.  The  development  of 
such  data  is  vital  in  light  of  the  increased  use  of  aluminum  alloys  in  marine 
construction. 

Results 

Fatigue  crack  growth  rate  and  fracture  toughness  testing  were  conducted  on  the  three 
grades  of  aluminum  alloys.  The  fatigue  crack  growth  testing  was  performed  following 
ASTM  Standard  E  647-00  in  laboratory  air  at  room  temperature  and  in  simulated 
ocean  water  per  ASTM  Standard  D  1 141.  Non-linear  fracture  toughness  testing  was 
performed  in  accordance  with  ASTM  Standard  E  1820-01  in  laboratory  air  at  room 
temperature. 

For  the  three  different  grades  of  material,  the  difference  in  fatigue  crack  growth  rate  in 
laboratory  air  is  negligible.  In  simulated  seawater  environment,  AA5086  shows  a 
slightly  superior  performance.  In  addition,  all  samples  show  the  same  ranking  of 
toughness  with  the  5086  showing  the  highest  toughness,  followed  by  5083  and  then 
5383. 
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Sommaire 


Introduction 

Dans  le  cadre  d’un  projet  du  SSC  (Comite  sur  la  structure  des  navires)  (le  projet 
SR-1447),  on  a  donne  un  contrat  a  la  societe  Fracture  Technology’  Associates  pour 
qu’elle  caracterise,  grace  a  des  experiences  de  mecanique  de  la  rupture,  la  resistance  a 
la  propagation  des  fissures  en  fatigue  (PFF)  et  la  tenacite  (resistance  a  la  propagation 
brutale  de  fissures)  de  trois  alliages  d’ aluminium  (5083,  5086,  5383)  utilises  dans  des 
applications  structurales  maritimes.  L’alliage  AA5083  est  l’un  des  alliages 
d’  aluminium  les  plus  couramment  utilises  pour  fabriquer  des  composants  de  plaques 
pour  des  embarcations  rapides.  Bien  que  l’alliage  5083  se  comporte  bien  dans  les 
applications  maritimes,  il  n’a  pas  ete  mis  au  point  specifiquement  pour  ce  milieu,  alors 
que  l’alliage  5383  a  ete  specifiquement  elabore  pour  optimiser  le  comportement  de 
1’  aluminium  dans  le  milieu  marin. 

Portee 

Le  Comite  sur  la  structure  des  navires  (CSN)  a  identifie  des  lacunes  dans  l’information 
requise  pour  1’ analyse  de  l’integrite  structurale  et  de  la  tolerance  aux  avaries  des 
structures  maritimes  en  aluminium.  Pour  obtenir  ces  renseignements,  on  doit 
caracteriser  la  resistance  a  la  propagation  des  fissures  en  fatigue  (PFF)  et  la  tenacite 
(resistance  a  la  propagation  brutale  de  fissures)  par  des  experiences  de  mecanique  de  la 
rupture.  L’elaboration  de  ces  donnees  est  vitale  en  raison  de  1’ utilisation  de  plus  en 
plus  grande  des  alliages  d’ aluminium  dans  la  construction  maritime. 

Resultats 

Des  essais  portant  sur  le  taux  de  propagation  des  fissures  en  fatigue  et  sur  la  tenacite 
de  trois  nuances  d’ alliages  d’ aluminium  ont  ete  realises.  Des  essais  sur  la  propagation 
des  fissures  en  fatigue  ont  ete  realises,  conformement  a  la  norme  ASTM  Standard  E 
647-00,  hors  de  l’eau  et  en  laboratoire,  a  la  temperature  ambiante,  ainsi  que  dans  un 
milieu  marin  simule  en  suivant  la  norme  ASTM  Standard  D  1 141.  Des  essais  sur  la 
resistance  a  la  propagation  de  fissures  non  lineaires  ont  ete  realises,  conformement  a  la 
norme  ASTM  Standard  E  1820-01,  hors  de  l’eau  et  en  laboratoire  a  la  temperature 
ambiante. 

Pour  les  trois  nuances  d’  alliages  differentes,  la  difference  dans  le  taux  de  propagation 
des  fissures  en  laboratoire  et  hors  de  l’eau  etait  negligeable.  Dans  le  milieu  marin 
simule,  l’alliage  AA5086  a  demontre  une  performance  legerement  superieure.  En 
outre,  tous  les  echantillons  se  sont  situes  a  l’interieur  de  la  meme  plage  de  tenacite, 
l’alliage  5086  etant  le  plus  resistant,  suivi  de  l’alliage  5083,  puis  de  l’alliage  5383. 
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Chemistry  and  Mechanical  Properties 


1.1  Introduction 

The  following  alloys  were  procured  as  0.5  inch  thick  plates  measuring  24  x  24  inches. 

5083  H321  supplied  as  5083  H321 

5086  HI  16  supplied  as  5086  H32  (to  ASTM  B209) 

5383  HI  16  supplied  as  5383/5083  HI  16  (to  ASTM  B209-01) 

Dr.  Harold  Reemsnyder  provided  a  detailed  summary  in  Annex  A. 

Dr.  Catherine  Wong  provided  metallography  analysis  on  the  procured  alloys  (See 
Annex  A). 

Dirats  Laboratories  was  contracted  to  provide  the  following  services: 

1.  3  chemical  analysis  (one  for  each  alloy) 

2.  18  tensile  test  results  (three  alloys,  2  orientations,  triplicate  tests) 

3.  15  compact  tension  samples  for  fatigue  crack  growth  rate  testing  (T-L  orientation, 
five  per  alloy) 

4.  9  compact  tension  samples  for  non-linear  fracture  toughness  testing  (T-L 
orientation,  three  per  alloy) 

1.2  Test  Results 

Table  1  summarizes  the  chemical  analysis  for  each  alloy. 


Table  1.  Summary  of  Chemical  Analysis. 


Test  ID 

Material 

A1 

% 

Cr 

% 

Cu 

% 

Fe 

% 

Mg 

% 

Mn 

% 

Si 

% 

Ti 

% 

Zn 

% 

Zr 

% 

5083-C-l 

5083-H321 

Rem. 

0.08 

0.06 

0.31 

4.82 

0.50 

0.15 

0.03 

0.09 

— 

5086-C-l 

5086-H1 16 

Rem. 

0.19 

0.07 

0.31 

3.79 

0.45 

0.14 

0.03 

0.03 

— 

5383-C-l 

5383-H116 

Rem. 

0.10 

0.06 

0.29 

4.76 

0.53 

0.13 

0.03 

0.08 

0.01 

Table  2  summarizes  the  mechanical  properties  for  each  alloy. 
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Table  2.  Summary  of  Mechanical  Properties. 


Test  ID 

Material 

Orientation 

0.2%  Yield 
Strength 
(ksi) 

Tensile 

Strength 

(ksi) 

Elongation 

% 

Reduction 
of  Area 

% 

5083-L-l 

5083-H321 

L 

37.8 

52.3 

12.1 

21.1 

5083-L-2 

5083-H321 

L 

37.8 

53.0 

14.3 

20.5 

5083-L-3 

5083-H321 

L 

38.2 

52.8 

16.8 

22.4 

Average 

37.9 

52.7 

14.4 

21.3 

5083-T-l 

5083-H321 

T 

34.3 

52.0 

21.5 

36.9 

5083-T-2 

5083-H321 

T 

34.4 

51.6 

19.0 

34.6 

5083-T-3 

5083-H321 

T 

34.3 

51.8 

18.4 

36.8 

Average 

34.3 

51.8 

19.6 

36.1 

5086-L-l 

5086-H116 

L 

27.0 

45.8 

14.8 

17.4 

5086-L-2 

5086-H116 

L 

26.9 

45.7 

15.1 

16.8 

5086-L-3 

5086-H116 

L 

27.0 

46.0 

15.3 

16.1 

Average 

27.0 

45.8 

15.1 

16.8 

5086-T-l 

5086-H116 

T 

27.0 

45.7 

17.1 

27.4 

5086-T-2 

5086-H116 

T 

26.9 

46.2 

21.1 

36.6 

5086-T-3 

5086-H116 

T 

27.1 

46.1 

19.9 

38.7 

Average 

27.0 

46.0 

19.4 

34.2 

5383-L-l 

5383-H116 

L 

39.3 

54.4 

14.1 

16.2 

5383-L-2 

5383-H116 

L 

39.2 

54.1 

14.4 

17.2 

5383-L-3 

5383-H116 

L 

39.0 

54.0 

12.9 

15.6 

Average 

39.2 

54.2 

13.8 

16.3 

5383-T-l 

5383-H116 

T 

35.4 

53.0 

17.5 

35.0 

5383-T-2 

5383-H116 

T 

35.4 

53.5 

16.4 

24.8 

5383-T-3 

5383-H116 

T 

35.5 

53.3 

18.1 

23.3 

Average 

35.4 

53.3 

17.3 

27.7 

Temperature:  Room  Temperature 

2 


DRDC  Atlantic  CR  2007-019 


2.  Fatigue  Crack  Growth  Rate  Characterization 


2.1  Introduction 

Fatigue  crack  growth  rate  (FCGR)  testing  was  conducted  on  three  grades  of  aluminum 
alloys  designated  5083-H321,  5086-H1 16  and  5383-H1 16.  A  compact  tension  sample 
having  a  width  of  4.000  inches  and  a  thickness  of  0.500  inches  was  chosen  for  all 
FCGR  testing.  For  each  grade  of  material,  two  replicate  tests  were  conducted  in 
laboratory  air  at  room  temperature  and  two  replicate  tests  were  conducted  in  simulated 
ocean  water  per  ASTM  Standard  D  1 141.  All  samples  were  machined  in  the  T-L 
orientation  and  all  testing  was  conducted  using  a  stress  ratio  (R)  of  0. 1 .  A  baseline  test 
frequency  of  10  Hz  was  selected  for  the  laboratory  air  tests  with  a  baseline  frequency 
of  5  Hz  selected  for  the  tests  conducted  in  seawater.  Some  data  were  generated  in 
seawater  at  0.5  and  0.05  Hz  to  evaluate  frequency  sensitivity.  The  testing  was 
performed  in  accordance  with  the  requirements  of  ASTM  E647-00  “Standard  Test 
Method  for  Fatigue  Crack  Growth  Rates”.  Background  information  on  the 
methodology  for  testing  and  analysis  is  given  in  Annex  B. 


2.2  Test  Equipment 

The  tests  were  conducted  on  two  MTS  load  frames  equipped  with  a  5,000  lbf  load  cell. 
Each  test  frame  and  controller  was  interfaced  to  an  Adwin-Gold  FTA  computer 
system.  The  crack  length  was  monitored  continuously  using  the  compliance  technique 
enabling  the  stress  intensity  to  be  precisely  controlled  as  a  function  of  crack  length. 

An  MTS  model  632.03E-20  clip  gage  with  a  gage  length  of  0.475  inches  and  a 
working  range  of  0. 100  inches  was  used  for  displacement  measurement.  Fixture 
alignment  was  verified  for  the  compact  tension  clevises  by  applying  a  force  on  a 
dummy  sample  and  measuring  the  distance  between  the  loading  pins  on  the  front  face 
and  back  face  of  the  clevis.  If  the  spacing  differed  by  more  than  0.001  inches,  the 
clevises  were  shimmed  to  bring  that  difference  to  within  tolerance.  Compliance 
measurement  accuracy  was  enhanced  by  mounting  needle  bearings  in  both  the  clevis 
holes  and  the  specimen  holes  to  minimize  non-linearity  in  the  load-displacement  signal 
due  to  pin  friction.  In  addition  to  improving  the  accuracy  of  crack  growth 
measurements,  this  procedure  is  considered  essential  for  accurate  crack  closure 
measurement.  Laboratory  temperature  and  relative  humidity  were  controlled  to  75  °F 
±2°F  and  40%  ±5%  R.H.  throughout  the  entire  period  of  testing.  Photographs  of  the 
test  equipment  and  a  close-up  of  a  compact  tension  sample  and  test  fixtures  are  shown 
in  Figure  1 . 

For  the  synthetic  seawater  environment,  one  gallon  of  distilled  water  was  combined 
with  a  sea-salt  mix  according  to  the  ASTM  D  1 141  standard.  A  peristaltic  pump  was 
used  to  aerate  the  solution  and  transfer  the  environment  to  the  test  sample.  Custom 
made  clear  plastic  environment  chambers  were  attached  to  the  test  sample  with  silicon 


DRDC  Atlantic  CR  2007-019 


3 


adhesive.  These  chambers  were  attached  to  the  sample  24  hours  prior  to  testing  to 
allow  a  complete  cure  of  the  adhesive.  A  small  hole  was  drilled  in  the  notch  to 
provide  flow  from  one  side  of  the  sample  to  the  other.  A  larger  hole  was  also  drilled 
in  the  notch  and  filled  with  sealant  to  provide  a  water-tight  seal.  The  set-up  included 
an  air  bleed  so  that  the  crack  remained  fully  immersed  in  solution  during  the  entire 
test.  pH  readings  were  recorded  daily  with  a  typical  range  of  8.4  to  7.8.  Photographs 
of  the  test  set-up  for  the  seawater  environment  are  shown  in  Figure  2. 


Figure  1.  Photographs  of  test  equipment  and  test  set-up  (laboratory  air  environment). 
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Figure  2.  Photographs  of  test  equipment  and  test  set-up  (seawater  environment). 


2.3  Sample  Preparation 

The  test  samples  were  machined  according  to  Figure  3.  After  machining  the  blanks  to 
the  final  dimensions,  but  before  machining  the  notch,  reference  scribes  were  placed  on 
the  edge  of  the  sample  spanning  the  location  of  the  notch.  The  distance  between  these 
scribes  was  measured  to  a  precision  of  ±0.0001  inches,  both  before  and  after 
machining  the  notch.  This  information  was  used  to  estimate  the  magnitude  of  residual 
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K  at  the  notch  tip  due  to  residual  stress.  A  summary  of  these  calculations  is  shown  in 
Table  3  (Section  2.5). 


4 *  .v  C r  p o  r  t  T p r i s i r. n  Nr-, e r  i r  p -i 

Tolerance  ±0.010  inches  unless  otherwise  noted 
Wire  EDM  Slot 


Figure  3.  Diagram  of  C(T)  sample  for  fatigue  crack  growth  testing  (diagram  reproduction  not  to 
scale). 


2.4  Test  Procedure 

The  pre-cracking  was  initiated  at  low  values  of  Kmax  (~  4  ksiVin)  in  order  to  initiate  a 
crack  at  low  growth  rates.  Once  initiation  was  detected  and  crack  evenness  was 
verified,  the  pre-cracking  was  continued  using  a  decreasing  K-gradient  of  -4.0  1/inch 
until  a  crack  growth  rate  of  ~8  x  10  8  inch/cycle  was  achieved.  At  the  completion  of 
pre-cracking,  the  test  was  switched  to  an  increasing  K-gradient  of  +4.0  1/inch  and 
continued  at  that  K-gradient  until  a  crack  growth  rate  of  1  x  10 5  inch/cycle.  A 
shallower  K-gradient  of  +2.0  1/in  was  selected  for  upper  region  II  (up  to  1  x  10  4 
inch/cycle).  Region  III  crack  growth  rate  data  were  generated  under  constant 
amplitude  loading. 

Periodic  visual  measurements  of  the  crack  length  from  each  surface  were  recorded. 
These  measurements,  along  with  the  corresponding  normalized  compliance  (EvB/P), 
were  entered  into  the  post-test  analysis  software  to  correct  for  any  discrepancy 
between  the  physical  crack  length  and  the  compliance  calculated  crack  length.  The 
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cover  page  of  each  test  (Annex  E)  includes  a  summary  of  errors  between  the  physical 
and  compliance  calculated  crack  length  as  well  as  an  adjustment  factor  (CAF)  to  the 
modulus  of  elasticity  to  minimize  these  errors.  Compliance  coefficients  were  selected 
from  the  ASTM  E647  standard  based  on  a  clip  gage  location  at  the  edge  of  the  sample. 

For  the  near- threshold  tests,  crack  growth  rate  data  were  generated  using  a  decreasing 
K-gradient  of  -4.0  1/inch  and  continued  until  crack  growth  rates  were  less  than  ~4  x 
10  9  inch/cycle.  After  establishing  threshold,  the  tests  were  continued  using  an 
increasing  K-gradient  of  +4.0  1/inch  and  continued  at  that  K-gradient  until  a  crack 
growth  rate  of  1  x  10 5  inch/cycle.  Both  decreasing  and  increasing  K  data  were 
generated  in  laboratory  air  at  a  cyclic  test  frequency  of  24  Hz. 

During  testing,  the  FTA  testing  software  calculated  the  effective  stress  intensity 
according  to  the  ASTM  opening  load  method.  However,  another  methodology  for 
determining  the  effective  stress  intensity  was  also  used  and  is  called  the  adjusted 
compliance  ratio  (ACR)  method.  Crack  growth  rates  are  computed  using  a 
combination  of  the  modified  secant  method  and  the  seven  point  incremental 
polynomial  technique.  The  first  method  is  computed  as  follows: 


da/dN  =  (ai+2-ai)/(Ni+2-Ni) 


and 


^average 


—  (ai+2+a0/2 


(1) 

(2) 


The  second  method  is  thoroughly  described  in  Appendix  XI  of  ASTM  E647.  This 
method  smoothes  the  data  but  misses  three  points  at  the  beginning  and  three  points  at 
the  end  of  the  data  set.  The  combined  methods  use  the  seven-point  method  for  the 
bulk  of  the  data  with  the  modified  secant  method  used  for  the  “missed”  points  in  the 
beginning  and  end  of  the  data  set. 


2.5  Test  Results  and  Discussion 

Table  3  summarizes  the  calculation  of  K  residual  at  the  notch  tip  using  the  restoring 
force  model.  Table  4  summarizes  key  test  conditions  and  the  cyclic  stress  intensity  at 
threshold  (AKth).  Threshold  determinations  were  made  by  applying  the  data  fit  as  per 
ASTME647. 

The  results  of  the  K  residual  evaluation  (Table  3)  showed  mostly  tensile  residual  stress 
at  the  notch  tip.  However,  the  magnitude  of  the  residual  stress  was  small  so  no  attempt 
was  made  to  account  for  residual  stress  in  the  analysis. 
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All  samples  met  the  crack  front  evenness  requirement  according  to  ASTM  E647.  All 
other  validity  requirements  were  satisfied  as  well. 

The  following  files  are  available. 

*.dat  files: 

This  file  is  produced  by  the  analysis  software  and  can  be  exported  to  Excel  or  Grapher 
for  plotting  or  further  analysis.  For  each  data  point,  the  following  variables  are 
tabulated: 


Description 

Units 

Index  number 

Maximum  force 

(Ibf) 

Cyclic  force 

(Ibf) 

Normalized  compliance 

(EvB/P) 

Crack  length 

(in) 

Cycle  count 

Crack  growth  rate 

(inch/cycle) 

Kmax 

(ksiVin) 

AKappiied 

(ksiVin) 

AKeffective  (2%  offset  opening  load  method) 

(ksiVin) 

AKeffective  (ACR  method) 

(ksiVin) 

AKeffective  (2/7t  partial  closure  method) 

(ksiVin) 

*.prn  files: 

These  files  include  tabular  results  and  additional  information  such  as  sample 
dimensions  and  visual  observation  (Annex  E). 
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Table  3.  Estimation  of  K  Residual  Using  Restoring  Force  Model. 


Test  ID 

Notch  Mouth 
Displacement  Change 
(inches) 

^residual 

(ksiVin) 

5083-1 

+0.0002 

+0.12 

5083-2 

+0.0001 

+0.06 

5083-3 

+0.0004 

+0.24 

5083-4 

+0.0004 

+0.24 

5083-5 

+0.0001 

+0.06 

5086-1 

+0.0002 

+0.12 

5086-2 

+0.0000 

+0.00 

5086-3 

+0.0002 

+0.12 

5086-4 

+0.0001 

+0.06 

5086-5 

+0.0000 

+0.00 

5383-1 

+0.0000 

+0.00 

5383-2 

+0.0001 

+0.06 

5383-3 

+0.0000 

+0.00 

5383-4 

-0.0001 

-0.06 

5383-5 

+0.0001 

+0.06 
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Table  4.  Summary  of  Fatigue  Crack  Growth  Test  Conditions  and  Results  (Temperature:  75°F,  Stress 
Ratio:  0. 1,  Orientation:  T-L). 


Test  ID 

Material 

Environment 

K-Gradient 

(1/in) 

Frequency 

(Hz) 

AKth 

(ksiVin) 

5083-1B 

5083-H321 

Aii- 

+4.0 

10.0 

- 

5083-1C 

5083-H321 

Air 

+2.0 

10.0 

- 

5083-ID 

5083-H321 

Aii- 

Constant  Load 

5.0 

- 

5083-2B 

5083-H321 

Air 

+4.0 

10.0 

— 

5083-2C 

5083-H321 

Air 

+2.0 

10.0 

- 

5083-2D 

5083-H321 

Air 

Constant  Load 

5.0 

- 

5083-3B 

5083-H321 

Seawater 

+4.0 

5.0 

— 

5083-3C 

5083-H321 

Seawater 

+2.0 

5.0 

- 

5083-3D 

5083-H321 

Seawater 

Constant  Load 

5.0 

- 

5083-4B 

5083-H321 

Seawater 

+4.0 

5.0.  0.5 

— 

5083-4C 

5083-H321 

Seawater 

+2.0 

5.0.  0.5.  0.05 

- 

5083-4D 

5083-H321 

Seawater 

Constant  Load 

5.0,  0.5,  0.05 

- 

5083-5A 

5083-H321 

Aii- 

-4.0 

24.0 

2.64 

5083-5B 

5083-H321 

Air 

+4.0 

24.0 

- 

5086-1B 

5086-H116 

Aii- 

+4.0 

10.0 

_ 

5086-1C 

5086-H116 

Air 

+2.0 

10.0 

- 

5086-ID 

5086-H116 

Aii- 

Constant  Load 

5.0 

- 

5086-2B 

5086-H116 

Air 

+4.0 

10.0 

— 

5086-2C 

5086-H116 

Air 

+2.0 

10.0 

- 

5086-2D 

5086-H116 

Aii- 

Constant  Load 

5.0 

- 

5086-3B 

5086-H116 

Seawater 

+4.0 

5.0 

— 

5086-3C 

5086-H116 

Seawater 

+2.0 

5.0 

- 

5086-3D 

5086-H116 

Seawater 

Constant  Load 

5.0 

_ 
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Table  4.  Summary  of  Fatigue  Crack  Growth  Test  Conditions  and  Results  (continued). 


Test  ID 

Material 

Environment 

K-Gradient 

d/in) 

Frequency 

(Hz) 

AKth 

(ksiVin) 

5086-4B 

5086-H116 

Seawater 

+4.0 

5.0,  0.5 

- 

5086-4C 

5086-H116 

Seawater 

+2.0 

5.0,  0.5,  0.05 

- 

5086-4D 

5086-H116 

Seawater 

Constant  Load 

5.0,  0.5,  0.05 

- 

5086-5A 

5086-H116 

Air 

-4.0 

24.0 

3.01 

5086-5B 

5086-H116 

Air 

+4.0 

24.0 

- 

5383-1B 

5383-H116 

Aii- 

+4.0 

10.0 

— 

5383-1C 

5383-H116 

Air 

+2.0 

10.0 

- 

5383-ID 

5383-H116 

Aii- 

Constant  Load 

5.0 

- 

5383-2B 

5383-H116 

Air 

+4.0 

10.0 

— 

5383-2C 

5383-H116 

Air 

+2.0 

10.0 

- 

5383-2D 

5383-H116 

Air 

Constant  Load 

5.0 

- 

5383-3B 

5383-H116 

Seawater 

+4.0 

5.0 

— 

5383-3C 

5383-H116 

Seawater 

+2.0 

5.0 

- 

5383-3D 

5383-H116 

Seawater 

Constant  Load 

5.0 

- 

5383-4B 

5383-H116 

Seawater 

+4.0 

5.0,  0.5 

— 

5383-4C 

5383-H116 

Seawater 

+2.0 

5.0,  0.5,  0.05 

- 

5383-4D 

5383-H116 

Seawater 

Constant  Load 

5.0,  0.5,  0.05 

- 

5383-5A 

5383-H116 

Air 

-4.0 

24.0 

2.67 

5383-5B 

5383-H116 

Air 

+4.0 

24.0 

- 

A  series  of  plots  have  been  prepared  to  facilitate  the  investigation  of  reproducibility, 
environment,  material,  frequency,  threshold  and  crack  closure. 
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da/dN  (in/cyc) 


2.5.1  Reproducibility 


Figures  4  through  9  show  duplicate  test  results  in  both  laboratory  air  and 
seawater  for  each  grade  of  material.  Agreement  is  excellent  within  identical 
test  conditions.  For  simplicity,  the  comparisons  among  the  various  materials, 
environments,  etc.  are  made  with  only  one  of  the  duplicate  tests. 


Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 


AK  (MPaVm) 


10  100 


10'1 


10 


-2 


A  r\- 3  O 
10  >, 
o 


E 

E 


10'4 


"cc 

T3 


10'5 


10 


-6 


AK  (ksiVin) 


Figure  4.  FCGR  response  comparing  duplicate  tests  for  the  5083-H321  alloy  in  laboratory  air. 
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Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 


10 

10 

10 

10 

10 

10 

10 

Figure  5. 


AK  (MPaVm) 

10  100 

10'1 

10'2 

10'3 

10'4 

10'5 

10'6 

1  10  100 

AK  (ksiVin) 

FCGR  response  comparing  duplicate  tests  for  the  5086-H116  alloy  in  laboratory  air. 
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da/dN  (mm/cyc) 


da/dN  (in/cyc) 


Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 


10 

10 

10 

10 

10 

10 

10 

Figure  6. 


AK  (MPaVm) 

10  100 

10'1 

10'2 

10'3 

10'4 

10'5 

10'6 

1  10  100 

AK  (ksiVin) 

FCGR  response  comparing  duplicate  tests  for  the  5383-H116  alloy  in  laboratory  air. 
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Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 


AK  (MPaVm) 

10  100 


10'1 


10 


-2 


10'3 


10'4 


10'5 


10 


-6 


AK  (ksiVin) 


Figure  7.  FCGR  response  comparing  duplicate  tests  for  the  5083-H321  alloy  in  seawater. 
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da/dN  (mm/cyc) 


da/dN  (in/cyc) 


Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 


AK  (MPaVm) 

10  100 


10'1 


10 


-2 


10'3 


10'4 


10'5 


10 


-6 


AK  (ksiVin) 


Figure  8.  FCGR  response  comparing  duplicate  tests  for  the  5086-H116  alloy  in  seawater. 
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da/dN  (mm/cyc) 


da/dN  (in/cyc) 


Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 
AK  (MPaVm) 

10  100 

10'1 

10'2 

10'3 

10'4 

10'5 

10'6 

1  10  100 

AK  (ksiVin) 

Figure  9.  FCGR  response  comparing  duplicate  tests  for  the  5383-H116  alloy  in  seawater. 
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2.5.2  Effect  of  Environment 


Figures  10  through  12  show  the  effect  of  environment  for  each  grade  of 
material.  The  impact  is  greater  at  lower  growth  rates.  The  crack  growth  rates 
may  be  too  fast  at  the  higher  growth  rates  for  significant  environmental 
effects.  It  appears  that  the  environmental  effect  is  greater  with  the  5083- 
H321  and  5383-H116  alloys. 
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Figure  10.  FCGR  response  showing  the  effect  of  environment  for  the  5083-H321  alloy. 
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Figure  11.  FCGR  response  showing  the  effect  of  environment  for  the  5086-H116  alloy. 
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Figure  12.  FCGR  response  showing  the  effect  of  environment  for  the  5383-H116  alloy. 
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2.5.3  Effect  of  Material 


Figures  13  and  14  show  the  effect  of  the  grade  of  material  in  laboratory  air 
and  seawater,  respectively.  The  difference  in  laboratory  air  is  negligible 
(Figure  13).  Figure  14  shows  slightly  superior  performance  with  the  5086- 
H116  alloy. 
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Figure  13.  FCGR  response  showing  the  effect  of  the  grade  of  material  in  laboratory  air. 
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Figure  14.  FCGR  response  showing  the  effect  of  the  grade  of  material  in  seawater. 
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2.5.4  Effect  of  Frequency 


In  order  to  assess  the  effect  of  frequency  on  the  FCGR  tests  conducted  in 
seawater,  one  sample  of  each  grade  of  material  was  tested  at  three  different 
frequencies  (5.0  Hz,  0.5Hz  and  0.05Hz).  At  a  frequency  of  0.05  Hz,  both  a 
sinusoidal  waveform  shape  and  a  hold  at  maximum  load  were  investigated. 
For  the  dwell  segment,  the  waveform  consisted  of  an  unload  in  1  second,  a 
reload  in  1  second  followed  by  a  hold  at  maximum  load  for  18  seconds. 
Figures  15  through  17  show  the  effect  of  the  frequency  for  each  grade  of 
material  in  seawater.  The  effect  of  frequency  was  investigated  at  crack 
growth  rates  of  ~l-2  x  10  6,  ~l-2  x  10 5,  and  ~l-2  x  10  4  inch/cycle.  Almost 
no  frequency  effect  was  observed  despite  a  change  of  two  orders  of 
magnitude  in  frequency.  In  fact,  at  growth  rates  of  ~l-2  x  10 5  the  crack 
growth  rates  at  0.05  Hz  appeared  to  be  slower,  not  faster,  as  would  be 
expected.  This  behavior  suggests  that  these  alloys  are  fairly  resistant  to 
corrosion  fatigue  in  seawater. 


2.5.5  Threshold  Behavior 

Figure  18  shows  a  comparison  of  the  threshold  data  for  each  grade  of 
material.  Good  agreement  was  noted  where  the  decreasing  and  increasing  K 
data  overlap.  The  increasing  K  data  are  in  good  agreement  with  the  previous 
test  data  in  laboratory  air.  However,  the  decreasing  K  threshold  data  appear 
higher  than  would  have  been  expected  from  the  results  of  the  standard 
increasing  K  tests.  An  examination  of  the  threshold  fatigue  surfaces  indicates 
darker  appearance,  most  likely  associated  with  crack  closure  contact.  The 
size  of  the  sample  and  the  long  crack  length  are  not  generally  recommended 
for  threshold  testing  and  this  may  in  part  explain  some  of  the  deviation  in 
behavior  just  above  the  knee  of  the  curve.  This  difference  is  clearly 
illustrated  in  Figures  19  through  21. 


2.5.6  Effect  of  Crack  Closure 

In  order  to  properly  interpret  the  results  of  standard  fatigue  crack  growth 
tests,  it  is  often  necessary  to  incorporate  corrective  techniques  to  the  AK 
applied  data.  Since  Elber  discovered  the  existence  of  crack  closure,  it  has 
become  a  widely  used  tool  to  explain  the  extrinsic  response  of  fatigue  crack 
growth  rate  behavior.  Crack  closure  is  a  crack  tip  shielding  mechanism 
whereby  the  crack-tip  cyclic  strain  is  partially  shielded  from  damaging  stress. 
The  source  of  this  shielding  is  most  commonly  caused  by  crack  wake 
interference  due  to  plasticity,  roughness  (microstructure),  oxide  and/or 
residual  stress.  The  experimental  measurement  of  crack  closure  has  been 
hampered  by  widely  varying  and  non-repeatable  methods  of  evaluation. 
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Furthermore,  experimental  observations  are  subject  to  varying  and 
inconsistent  methods  of  interpretation.  In  an  attempt  to  improve  consistency 
of  measurement,  ASTM  E647  has  an  automated  offset  opening  load 
technique.  After  two  round-robin  programs,  this  method  was  adopted  as  an 
annex  to  the  ASTM  E647  standard.  Flowever,  this  method  often  over  corrects 
the  AK  applied  data  primarily  because  the  method  fails  to  account  for 
evidence  of  crack  tip  cyclic  strain  below  the  opening  load.  This  is  especially 
important  if  the  closure  mechanism  is  not  necessarily  near  the  crack  tip  but 
distributed  along  the  full  wake  of  the  crack. 

As  an  alternative  approach,  the  adjusted  compliance  ratio  (ACR)  method  of 
determining  the  effective  stress  intensity  has  been  useful  in  accounting  for 
compressive  residual  stress  and  other  sources  of  remote  closure  resulting  in 
an  intrinsic  FCGR  curve  that  is  thought  to  emulate  the  small  crack  behavior. 
The  method  uses  the  same  load-displacement  records  as  the  opening  load 
method,  but  it  accounts  for  partial  closure  effects  (effects  below  the  opening 
load).  Further  details  of  this  methodology  arc  provided  in  Annex  B. 

The  data  from  Figures  10  through  12  have  been  re -plotted  in  Figures  22 
through  24  using  the  ACR  method  to  estimate  AKeff.  These  plots  show  that  in 
the  absence  of  remote  closure,  the  seawater  environment  has  an  equivalent  or 
possibly  even  greater  impact  of  the  FCGR  behavior.  Depending  on  exposure 
times,  crack  size  and  crack  growth  rates,  the  extrinsic  behavior  (based  on 
AKappiied)  may  be  different  than  the  intrinsic  behavior  based  on  AKeffective-  This 
is  because  the  environment  can  work  in  two  ways.  It  tends  to  accelerate 
crack  growth  due  to  environmental  influence  at  the  crack  tip.  At  the  same 
time  it  can  lead  to  suppressed  crack  growth  rates  due  to  corrosion  product 
build-up  resulting  in  crack  closure  shielding  in  the  crack  wake.  By  analyzing 
the  effective  stress  intensity,  the  two  opposing  mechanisms  can  be 
partitioned. 

A  re-examination  of  the  data  from  Figure  13  shows  that  when  crack  closure  is 
accounted  for,  there  is  even  less  difference  in  the  three  grades  of  material 
(Figure  25).  Similarly,  in  seawater,  (Figure  14)  some  of  the  perceived 
differences  in  lower  region  II  data  may  be  attributed  to  crack  closure  as  well 
(Figure  26).  Finally,  a  re-examination  of  the  near-threshold  data  from  Figure 
18  also  shows  that  the  intrinsic  behavior  of  all  three  alloys  is  nearly  identical 
(Figure  27). 
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Figure  15.  FCGR  response  showing  the  effect  of  frequency  for  the  5083-H321  alloy  in  seawater. 
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Figure  16.  FCGR  response  showing  the  effect  of  frequency  for  the  5086-H11 6  alloy  in  seawater. 
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FCGR  response  showing  the  effect  of  frequency  for  the  5383-H11 6  alloy  in  seawater. 
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Figure  18.  FCGR  response  showing  the  effect  of  the  alloy  on  near-threshold  behavior. 
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Figure  19.  FCGR  response  comparing  near-threshold  behavior  with  previous  increasing  K  data  for 
the  5083-H321  alloy.  Note  departure  in  behavior  at  ~1  x  10  7  inch/cycle. 
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Figure  20.  FCGR  response  comparing  near-threshold  behavior  with  previous  increasing  K  data  for 
the  5086-H116  alloy.  Note  departure  in  behavior  at  ~1  x  10  7  inch/cycle. 
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Figure  21.  FCGR  response  comparing  near-threshold  behavior  with  previous  increasing  K  data  for 
the  5383-H116  alloy.  Note  departure  in  behavior  at  ~1  x  10'7  inch/cycle. 
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Figure  22.  FCGR  response  showing  the  effect  of  environment  for  the  5083-H321  alloy.  Data  are 
corrected  for  closure  using  the  ACR  method. 


32 


DRDC  Atlantic  CR  2007-019 


da/dN  (mm/cyc) 


da/dN  (in/cyc) 


Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 


AKacr  (MPaVm) 
10 


100 


10 


10 


10 


10 


10 


10 


10 


10' 


10" 


10" 


10" 


10" 


10 


AKacr  (ksiVin) 


Figure  23.  FCGR  response  showing  the  effect  of  environment  for  the  5086-H116  alloy.  Data  are 
corrected  for  closure  using  the  ACR  method. 
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Figure  24.  FCGR  response  showing  the  effect  of  environment  for  the  5383-H116  alloy.  Data  are 
corrected  for  closure  using  the  ACR  method. 
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Figure  25.  FCGR  response  showing  the  effect  of  the  grade  of  material  in  laboratory  air.  Data  are 
corrected  for  closure  using  the  ACR  method. 
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Figure  26.  FCGR  response  showing  the  effect  of  the  grade  of  material  in  seawater.  Data  are 
corrected  for  closure  using  the  ACR  method. 
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Figure  27.  FCGR  response  showing  the  effect  of  the  alloy  on  near-threshold  behavior.  Data  are 
corrected  for  closure  using  the  ACR  method. 
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3.  Non-Linear  Fracture  Toughness  Characterization 

. . 


3.1  Introduction 

Non-Linear  fracture  toughness  testing  (NLFT)  testing  was  conducted  on  three  grades 
of  aluminum  alloys  designated  5083-H321,  5086-H1 16  and  5383-H1 16.  A  compact 
tension  sample  having  a  width  of  2.000  inches  and  a  thickness  of  0.500  inches  was 
chosen  for  the  majority  of  the  NLFT  testing.  In  addition,  a  compact  tension  sample 
having  a  width  of  4.000  inches  and  a  thickness  of  0.500  inches  was  used  to  evaluate 
size  effects.  For  each  grade  of  material,  two  replicate  tests  were  conducted  using  full 
thickness  samples  without  side  grooves.  A  third  set  of  samples  was  tested  with  side- 
grooves  to  evaluate  constraint  effects.  All  samples  were  machined  in  the  T-L 
orientation  and  all  samples  were  tested  laboratory  air.  Testing  was  performed  in 
accordance  with  the  ASTM  E  1820-01  “Standard  Test  Method  for  Measurement  of 
Fracture  Toughness.  A  single  specimen  unloading  compliance  technique  was  used  to 
monitor  stable  crack  extension. 


3.2  Test  Equipment 

The  tests  were  conducted  on  one  MTS  load  frame  equipped  with  a  5,000  lbf  load  cell 
and  interfaced  to  an  Adwin-Gold  FTA  computer  system  and  configured  for  fracture 
toughness  testing.  An  MTS  model  632.03B-30  (opt  006)  clip  gage  was  used  for  load- 
line  displacement  measurement.  Compliance  measurement  accuracy  was  enhanced  by 
mounting  needle  bearings  in  both  the  clevis  holes  and  the  specimen  holes  to  minimize 
non-linearity  in  the  load-displacement  signal  due  to  pin  friction.  Laboratory 
temperature  and  relative  humidity  were  controlled  to  75°F  ±2°F  and  40%  ±5%  R.H. 
throughout  the  entire  period  of  testing. 


3.3  Sample  Preparation 

The  test  samples  were  machined  according  to  Figure  28. 
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Figure  28.  Diagram  of  C(T)  sample  for  fracture  toughness  testing  (diagram  reproduction  not  to 
scale). 


3.4  Test  Procedure 

Data  storage  (.raw  file  extension)  was  set  to  2  points  per  second  for  load  displacement 
data  in  the  ramp  up/ramp  down  mode;  0.2  points  per  second  for  load  displacement  data 
during  the  hold  mode,  and  10  points  per  second  for  unloading  slope  data  (.uni  file 
extension).  The  actuator  loading  and  unloading  rate  was  set  to  0.020  inches/minute. 
Each  test  was  initially  ramped  to  the  approximate  pre-crack  load  and  several  unloading 
slopes  were  performed  with  a  loading/unloading  data  acquisition  rate  of  10 
points/second  to  ensure  the  specimens  were  properly  seated.  The  correlation 
coefficient  of  each  unloading  slope  was  typically  0.99998.  After  verification  that  the 
unloading  slopes  were  repeatable  and  that  the  compliance  measured  crack  length  was 
within  2%  of  the  predicted  crack  length,  actual  testing  commenced.  Load  and  clip 
gage  displacement  were  recorded  in  the  analysis  file  every  0.0010  -  0.0020  inches  of 
clip  gage  displacement  or  every  200  lbs.  increase  in  load.  In  addition,  the  largest 
observed  load  and  corresponding  displacement  were  stored. 

Each  test  was  terminated  after  about  0.2  inches  of  stable  crack  extension.  The  sample 
was  then  fatigue  loaded  to  mark  the  final  crack  extension.  A  nine  point  average  of  the 
pre-crack  as  well  as  the  final  stable  crack  extension  was  recorded  and  used  to  verify 
the  compliance  calculated  crack  extension. 
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3.5  Test  Results  and  Discussion 


Table  5  summarizes  key  test  conditions  and  results.  The  fracture  toughness  results  are 
based  on  the  J  at  initiation  (Jlc)  according  to  ASTM  El 820-01  as  well  as  an  equivalent 
K  at  initiation  designated  Kjic.  The  toughness  values  at  initiation  for  the  side  grooved 
and  non-side  grooved  samples  were  almost  equivalent.  The  larger  sample  size  gave 
slightly  higher  values  of  toughness  at  initiation.  Regardless  of  the  size  of  the  sample 
or  the  absence  or  presence  of  the  side  grooves,  ah  samples  showed  the  same  ranking  of 
toughness  with  the  5086-H1 16  showing  the  highest  toughness,  followed  by  the  5083- 
H321,  and  the  5383-H1 16  ahoy  showing  the  lowest  toughness. 


Table  5.  Summary  of  Fracture  Toughness  Test  Conditions  and  Results  (Temperature:  75°F,  Orientation: 
T-L,  Environment:  Lab  Air  (RH  =  40%)). 


Test  ID 

Material 

Sample  Size 
(W,  in) 

Side- 

Groove 

Jlc-1820 

(in-lb/in2) 

KJIC 
(ksi  Vin) 

Comments 

5083-FT-l 

5083-H321 

2.00 

no 

96.6 

33.4 

Significant  crack  tunneling 

5083-FT-2 

5083-H321 

2.00 

no 

91.8 

32.6 

Significant  crack  tunneling 

5083-FT-3 

5083-H321 

2.00 

yes 

111.4 

35.9 

Straight  crack  front 

5083-FT-5 

5083-H321 

4.00 

no 

146.9 

41.2 

Significant  crack  tunneling 

5086-FT-l 

5086-H1 16 

2.00 

no 

155.4 

42.3 

Significant  crack  tunneling 

5086-FT-2 

5086-H116 

2.00 

no 

147.6 

41.3 

Significant  crack  tunneling 

5086-FT-3 

5086-H116 

2.00 

yes 

155.2 

42.3 

Straight  crack  front 

5086-FT-5 

5086-H116 

4.00 

no 

201.0 

48.2 

Significant  crack  tunneling 

5383-FT-l 

5383-H116 

2.00 

no 

86.6 

31.6 

Significant  crack  tunneling 

5383-FT-2 

5383-H116 

2.00 

no 

86.1 

31.5 

Significant  crack  tunneling 

5383-FT-3 

5383-H116 

2.00 

yes 

90.3 

32.3 

Straight  crack  front 

5383-FT-5 

5383-HI 16 

4.00 

no 

99.9 

34.0 

Significant  crack  tunneling 

The  most  significant  difference  between  the  side  grooved  and  non-side  grooved 
samples  is  illustrated  in  Figure  29.  These  R-curves  show  stable  crack  extension  well 
beyond  maximum  load.  The  samples  without  the  side  grooves  are  representative  of 
the  fracture  toughness  characteristics  of  the  0.5  inches  plate  whereas  the  side  grooved 
samples  are  representative  of  much  thicker  material  since  the  side  grooves  add 
additional  constraint  and  suppress  plane  stress  behavior.  Data  beyond  crack  initiation 
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should  be  used  with  caution  since  stable  crack  extension  behavior  is  highly 
geometry/application  dependent  (See  annexes  for  details).  The  ranking  of  the  alloys  is 
also  clearly  indicated  consistent  with  the  previous  observations  regarding  toughness  at 
initiation.  The  reproducibility  of  duplicate  tests  is  also  clearly  indicated. 


Fracture  Toughness  R-Curve 


Figure  29.  Non-linear  fracture  toughness  showing  ranking  of  alloys  as  well  as  duplicate  test  results 
and  the  effect  of  side  grooves. 
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Figure  30  illustrates  the  effect  of  sample  size.  In  all  cases,  the  larger  sample  size 
shows  slightly  higher  values  of  toughness  at  a  given  increment  of  crack  extension. 
Figures  31  and  32  show  the  same  trends  but  the  toughness  values  have  been  presented 
as  equivalent  values  of  stress  intensity  K  instead  of  J. 


Fracture  Toughness  R-Curve 


Figure  30.  Non-linear  fracture  toughness  showing  ranking  of  alloys  as  well  as  duplicate  test  results 
and  the  effect  of  sample  size. 
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Fracture  Toughness  R-Curve 


Figure  31.  Non-linear  fracture  toughness  showing  ranking  of  alloys  as  well  as  duplicate  test  results 
and  the  effect  of  side  grooves.  Equivalent  K  is  plotted. 
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Fracture  Toughness  R-Curve 


Aa  (in) 


Figure  32.  Non-linear  fracture  toughness  showing  ranking  of  alloys  as  well  as  duplicate  test  results 
and  the  effect  of  sample  size.  Equivalent  K  is  plotted. 


The  photographs  in  Annex  C  clearly  show  the  crack  straightness  characteristic  of  each 
test.  Annex  F  contains  individual  J  vs.  Aa  plots.  Annex  G  contains  load  vs.  load-line 
displacement  curves.  Annex  H  contains  the  tabular  results  of  the  ASTM  1820 
analyses  including  a  summary  of  validity  statements  for  each  test. 
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Annex  A  -  Procurement  and  Characterization  of 
Alloys 


A1.  Summary 

The  Project  Technical  Committee  selected  four  alloys  -  5083  H321,  5086  HI  16,  5383 
HI  16,  and  5059  H321  -  in  V2- in -thick  plates  conforming  to  ASTM  B  928.  After  much 
searching,  a  supplier  (warehouse)  was  found  that  could  supply  three  of  the  four 
selected  alloys. 

5083  H321  was  supplied  as  5083  H321  to  ASTM  B  928  and  meets  ASTM  B  928  for 
mechanical  properties  and  chemical  composition.  Metallographic  examination 
showed  that  this  alloy  is  not  sensitized  but  has  considerable  grain  boundary  Beta  and 
may  have  more  than  15  mg/cm2  mass  loss  in  ASTM  G  67. 

5086  HI  16  was  supplied  as  5086  H32  to  ASTM  B  209  and  met  both  ASTM  B  928  for 
mechanical  properties  and  chemical  composition  except  for  yield  strength  (27.0  ksi 
vis-a-vis  28.0  ksi  minimum)  and  ASTM  G  66  for  exfoliation  susceptibility. 
Metallographic  examination  showed  that  this  alloy  is  not  sensitized  and  has  the  least 
grain  boundary  Beta  of  the  three  alloys  examined. 

5383  HI  16  was  supplied  as  5383/5083  HI  16  to  ASTM  B  209  and  met  both 
ASTM  B  928  for  mechanical  properties  and  chemical  composition  except  for 
Fe  and  Mn  content  (respectively,  0.29%  vis-a-vis  0.28%  maximum  and  0.53% 
vis-a-vis  0.7  -  1.0%)  and  ASTM  G  66  for  exfoliation  susceptibility. 
Metallographic  examination  showed  that  this  alloy  has  less  grain  boundary 
Beta  than  the  5083  H321  alloy  examined. 

It  is  interesting  to  note  that  the  alloy  furnished  to  ASTM  B  928  -  5083  H321  - 
showed  more  Beta  phase  on  the  grain  boundaries  than  either  alloy  -  5086  H32 
and  5383  HI  16  -  furnished  to  ASTM  B  209. 

No  source  could  furnish  grade  5059  in  either  temper,  HI  16  or  H321. 

The  mechanical  properties  and  chemistries  of  the  three  alloys  are  compared  in, 
respectively,  Tables  6  and  7. 
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Table  6.  Summary  of  Mechanical  Properties. 


Alloy 

0.2%  Yield 
Strength,  ksi 

Tensile  Strength, 
ksi 

Percent 
Elongation  in 

1  inch 

Percent 
Reduction  of 
Area 

Long. 

Transv. 

Long. 

Transv. 

Long. 

Transv. 

Long. 

Transv. 

5083 

H321 

37.9 

34.3 

52.7 

51.8 

14.4 

19.6 

21.3 

36.1 

5086 

H32 

27.0 

27.0 

45.8 

46.0 

15.1 

19.4 

16.8 

34.2 

5383 

H116 

39.2 

35.4 

54.2 

53.3 

13.8 

17.3 

16.3 

27.7 

Table  7.  Summary  of  Chemical  Composition. 


Alloy 

Weight  Percent  Maximum 

Si 

Fe 

Cu 

Mn 

Mg 

Cr 

Zn 

Ti 

5083  H321 

0.15 

0.31 

0.06 

0.50 

4.8 

0.08 

0.09 

0.03 

5086  H32 

0.14 

0.31 

0.07 

0.45 

3.8 

0.19 

0.03 

0.03 

5383  H116 

0.13 

0.29 

0.06 

0.53 

4.8 

0.10 

0.08 

0.03 

A2.  Tempers  Used  in  Marine  Alloys 

The  non-heat-treatable  5xxx  alloys  are  solution-strengthened,  primarily,  by 
magnesium.  The  tempers  HI  16  and  H321  have  been  reserved  by  the  Aluminum 
Association  for  wrought  products  in  the  5xxx  series  containing  3%  or  more  Mg.  The 
temper  designations  are: 

H  Strain  hardened. 

HI  Strain  hardened  without  thermal  treatment.  Second  digit  indicates 
degree  of  strain  hardening. 

H 1 1 6  S  train  hardened  only . 

H3  Strain  hardened  and  stabilized  by  low  temperature  thermal  treatment. 
Tensile  strength  reduced  slightly  but  ductility  improved. 

H32  Stabilized  by  a  low-temperature  thermal  treatment  after  strain 
hardening.  The  second  digit  2  indicates  the  degree  of  strain 
hardening,  i.e.,  quarter-hard. 
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H321  Stabilized  by  a  low-temperature  thermal  treatment  after  strain 

hardening  less  than  the  amount  required  for  a  controlled  H32  temper. 
The  third  digit  identifies  variation  from  H32. 


A3.  Alloys  Furnished  to  the  Project 

The  PTC  of  the  subject  project  selected  four  alloys  -  5083  H321,  5086  H321,  5383 
H321,  and  5059  H321  -  in  V2- in -thick  plates  conforming  to  ASTM  B  9281 1 1  for  fracture 
mechanics  characterization. 

Contacts  with  both  domestic  and  European  aluminum  manufacturers  and  builders  of 
aluminum  vessels  were  unsuccessful.  However,  a  supplier  (warehouse)  was  found  that 
could  supply  three  of  the  four  selected  alloys.  Table  8.  Each  alloy  was  furnished  as  a 
!/2x24x24-in  plate. 

No  source  could  furnish  grade  5059  in  either  temper,  H  1 16  or  H321. 


Table  8.  Plates  Furnished  by  Suppliers. 


Alloy 
Ordered 
to  B  928 

Supplier 

Pierce,  Warminster,  Pa. 

Pierce,  New  Orleans,  La.  j 

Alloy 

ASTM  Std. 

Alloy 

ASTM  Std. 

5083  H321 

5083  H321 

B  928 

Pechiney 

5086 H116 

5086  H32 

B  209  121 

Capral 

5383  HI 16 

5383/5083  HI  16 

B  209 

Pechiney 

A3.1  Laboratories 

Dirats  Laboratories,  Westfield,  Massachusetts,  performed  the  tensile  tests  and 
chemical  analysis  on  the  three  furnished  alloys. 

The  tension  specimens  were  cylindrical  with  a  test-section  diameter  of  0.25  in  and  a 
gage-length  of  1  in.  Data  for  each  alloy  are  presented  in  the  following  sections.  Note 
that  Elongation  is  measured  over  a  gage  length  of  4  times  the  diameter  of  the  tension 
test  specimen,  i.e.,  1  in.  Three  specimens  were  taken  in  both  the  longitudinal  and 


1  ASTM  B928/B  928M-04a  Standard  Specification  for  High  Magnesium  Aluminum-Alloy  Sheet  and 
Plate  for  Marine  Service  and  Similar  Environments. 

ASTM  B  209-02a  Standard  Specification  for  Aluminum-Alloy  Sheet  and  Plate. 
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transverse  directions  (with  respect  to  rolling  direction)  from  each  of  the  three  0.5  in 
thick  alloys. 

The  results  of  the  tensile  tests  and  chemical  analyses  are  listed  below  for  each  of  the 
three  alloys. 

Dr  Catherine  Wong.  Materials  Engineer.  NAVSEA.  performed  metallography  on 
2x2x0.5-in  samples  of  each  of  the  three  acquired  alloys.  The  primary  purpose  of  this 
investigation  was  to  determine  the  extent  of  the  Beta  phase  (i.e.,  magnesium-rich 
precipitate)  precipitation  on  the  grain  boundaries. 

Her  findings  and  metallographs  are  presented  below  for  each  of  the  three  alloys. 


A3.2  Beta  Phase 

In  the  5xxx  series  alloys,  magnesium  can  precipitate  out  of  solution  and  solidify  on  the 
grain  boundaries.  This  magnesium-rich  precipitate  is  known  as  the  Beta  phase. 
Sensitivity  of  high  magnesium  aluminum  plates  to  exfoliation  and  intergranular 
corrosion  increases  with  the  amount  of  Beta  phase  on  the  grain  boundaries. 

Solid  lines  of  Beta  phase  are  sensitive  to  intergranular-  corrosion  whilst  Beta  phase  as 
spheres  at  intermittent  locations  on  the  grain  boundaries  is  resistant  to  intergranular 
corrosion. 

The  form  and  amount  of  Beta  phase  on  the  grain  boundaries  depend  on 

•  Thermal-mechanical  rolling  practices,  i.e.,  the  number  of  passes,  reduction  in 
thickness  per  pass,  total  reduction,  and  metal  temperature  in  each  pass. 

•  Product  thickness.  E.g.,  The  problem  that  led  to  the  development  of  ASTM  B  928 
was  confined  to  relatively  thin  5083  H321  sheets  and  plates,  i.e.,  3/8-in  thick  and 
below. 


A3. 3  Alloy  5083  H321 

For  5083  H321,  Pierce,  Warminster,  Pa.,  supplied  5083  H321  to  ASTM  B  928  by 
Pechiney  (France). 

The  alloy  supplied  met  ASTM  B  928  for  mechanical  properties  and  chemical 
composition,  respectively.  Tables  9  and  10. 
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Table  9.  Mechanical  Properties  -  5083  H321. 


Source 

0.2%  Yield  Strength,  ksi 

Tensile  Strength,  ksi 

%  Elongation 

min 

max 

min 

max 

min 

B  928 

31.0 

43.0 

44.0 

56.0 

12 

Pierce 

35.2- 

-39.6 

52.2- 

-53.9 

14—16 

Dirats 

Long. 

37.9 

52.7 

14.4 

Transv. 

34.3 

51.8 

19.6 

*  Dirats  Reduction  of  Area:  Long.,  21.3%,  Transv.,  36.1% 


Table  10.  Chemical  Composition  -  5083  H321. 


Source 

Weight  Percent  Maximum  unless  shown  as  Range 

Si 

Fe 

Cu 

Mn 

Mg 

Cr 

Zn 

Ti 

B  928 

0.40 

0.40 

0.10 

0.40-1.0 

4.0  -  4.9 

0.05  -  0.25 

0.25 

0.15 

Pierce 

0.11 

0.29 

0.06 

0.52 

4.8 

0.09 

0.09 

0.03 

Dirats 

0.15 

0.31 

0.06 

0.50 

OO 

0.08 

0.09 

0.03 

A3. 3.1  Metallography 

This  alloy  is  not  sensitized  but  has  considerable  grain  boundary  Beta  and  may 
have  more  than  15  mg/cm2  mass  loss  in  ASTM  G  67[31.  Metallographs  are 
shown  in  Figures  33  and  34  for,  respectively,  longitudinal  and  transverse 
sections. 


3  ASTM  G  67  Test  Method  for  Determining  the  Susceptibility  to  Intergranular  Corrosion  of  5xxx  Series 
Aluminum  Alloys  by  Mass  Loss  after  Exposure  to  Nitric  Acid 
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Beta  phase 
on  grain 
boundaries 


20um 


Figure  33.  5083  H321  -  Longitudinal. 
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Figure  34.  5083  H321  -  Transverse. 
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A3. 4  Alloy  5086  H32 

For  5086  HI  16,  Pierce,  Warminster,  Pa,  supplied  5086  H32  to  ASTM  B  209 
manufactured  by  Capral  (Australia). 

The  alloy  supplied  met  ASTM  B  928  for  mechanical  properties  and  chemical 
composition,  respectively,  Tables  1 1  and  12,  with  the  exception  of  yield  strength. 

The  alloy  met  ASTM  G  66|41  for  exfoliation  susceptibility.  ASTM  G  67  was  not 
required  in  ASTM  B  209  to  which  the  alloy  was  supplied. 


Table  1 1.  Mechanical  Properties  -  5086  H32. 


Source 

0.2%  Yield  Strength,  ksi 

Tensile  Strength,  ksi 

%  Elongation 

min 

max 

min 

max 

min 

B  928 

28.0 

— 

40.0 

— 

10 

Pierce 

34.8 

46.3 

18 

Dirats 

Long. 

27.0 * 

45.8 

15.1 

Transv. 

27.0 

46.0 

19.4 

Dirats  Reduction  of  Area:  Long.,  16.8%,  Transv.,  34.2% 


*  Outside  specification  limits 


Table  12.  Chemical  Composition  -  5086  H32. 


Source 

Weight  Percent  Maximum  unless  shown  as  Range 

Si 

Fe 

Cu 

Mn 

Mg 

Cr 

Zn 

Ti 

B  928 

0.40 

0.50 

0.10 

0.20  -  0.7 

3.5  -4.5 

0.05—0.25 

0.25 

0.15 

Pierce 

0.17 

0.27 

0.03 

0.38 

3.8 

0.07 

0.02 

0.01 

Dirats 

0.14 

0.31 

0.07 

0.45 

3.79 

0.19 

0.03 

0.03 

A3. 4.1  Metallography 

This  alloy  is  not  sensitized  and  has  the  least  grain  boundary  Beta  of  the  three 
alloys  examined.  Metallographs  arc  shown  in  Figures  35  and  36  for, 
respectively,  longitudinal  and  transverse  sections. 


4  ASTM  G  66-95  Test  Method  for  Visual  Assessment  of  Exfoliation  Corrosion  Susceptibility  of  5xxx 
Aluminum  Alloys. 
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Figure  36.  5086  H32  -  Transverse. 
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A3. 5  Alloy  5383  H31 16 


For  5383  HI  16,  Pierce,  New  Orleans,  La,  supplied  5383/5083  HI  16  to  ASTM  B  209 
manufactured  by  Pechiney  (France). 

The  alloy  supplied  met  ASTM  B  928  for  mechanical  properties  and  chemical 
composition,  respectively,  Tables  8  and  9. 

The  alloy  met  ASTM  G  66  for  exfoliation  susceptibility.  ASTM  G  67  is  not  required 
in  ASTM  B  209  to  which  the  alloy  was  supplied. 


Table  13.  Mechanical  Properties  -  5383  H1 16. 


Source 

0.2%  Yield  Strength,  ksi 

Tensile  Strength,  ksi 

%  Elongation 

min 

max 

min 

max 

min 

B  928 

33.0 

— 

48.0 

— 

10 

Pierce  Certificate 

36.3—40.7 

50.9  —53.4 

16—17 

Dirats 

Long. 

39.2 

54.2 

13.8 

Transv. 

35.4 

53.3 

17.3 

Dirats  Reduction  of  Area:  Long.,  16.3%,  Transv.,  27.7% 


Table  14.  Chemical  Composition  -  5383  H1 16. 


Source 

Weight  Percent  Maximum  unless  shown  as  Range 

Si 

Fe 

Cu 

Mn 

Mg 

Cr 

Zn 

Ti 

B  928 

0.25 

0.25 

0.20 

0.7  -  1.0 

4.0 -5.2 

0.25 

0.40 

0.15 

Pierce 

0.10 

0.28 * 

0.06 

0.56 * 

4.73 

0.11 

0.08 

0.03 

Dirats 

0.13 

0.29 * 

0.06 

0.53 * 

4.76 

0.10 

0.08 

0.03 

Zr:  ASTM B  928,  0.20%  max.,  Pierce,  29 ppm,  Dirats,  0.01% 


*  Outside  specification  limits 


A3. 5.1  Metallography 

This  alloy  is  not  sensitized  and  has  less  grain  boundary  Beta  than  the  5083 
H321  alloy  examined.  Metallographs  are  shown  in  Figure  37  and  38  for, 
respectively,  longitudinal  and  transverse  sections. 
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Figure  37.  5383  H1 16-  Longitudinal. 
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Figure  38.  5383  H1 16  -  Transverse. 
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A3. 6  Stress-Strain  Curves 


Dirats  Laboratories,  Westfield,  Massachusetts,  performed  additional  tensile  tests  on 
the  three  alloys  to  determine  the  engineering  and  true  stress-strain  curves. 

The  tension  specimens  were  cylindrical  with  a  test-section  diameter  of  0.25  in  and  a 
gage-length  of  1  in  and  were  taken  in  the  transverse  direction  (with  respect  to  rolling 
direction)  from  each  of  the  three  0.5  in  thick  alloys.  The  engineering  and  true  stress- 
strain  properties  are  listed  in,  respectively,  Tables  15  and  16. 


Table  15.  Transverse  Engineering  Mechanical  Properties. 


Alloy 

0.2%  Yield 
Strength, 
ksi 

Tensile 
Strength,  ksi 

Percent 
Elongation 
in  1  inch 

Percent 
Reduction 
of  Area 

Transv. 

Transv. 

Transv. 

Transv. 

5083  H321 

34.4 

51.9 

19.4 

37.9 

5086  H32 

27.0 

46.1 

24.0 

34.7 

5383  HI  16 

35.0 

53.3 

22.6 

28.1 

Table  16.  Transverse  True  Mechanical  Properties. 


Alloy 

0.2%  Yield 
Strain,  eYs, 
in/in 

Young’s 
Modulus,  E,  ksi 

Strain-hardening 
Exponent,  n 

Strength 
Coefficient,  k, 
ksi 

Transv. 

Transv. 

Transv. 

Transv. 

5083  H321 

0.00505 

11,300 

0.155 

79.2 

5086  H32 

0.00422 

12,200 

0.202 

77.4 

5383  HI  16 

0.00505 

11,500 

0.158 

81.9 

The  strain-hardening  exponent  n  and  the  strength  coefficient  k  are  the  parameters  of 
the  Ramberg-Osgood  model  of  the  true  stress-strain  curve 


8 


f  \1/n 
'  a  ' 


(A-l) 


where 


8  true  strain  =  ln(l+  e) 

a  true  stress  =  s(l+  e) 

e  engineering  strain 

s  engineering  stress 

E  Young’s  Modulus. 
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The  stress-strain  curves  are  shown  for  5083  H321,  5086  H32  and  5383  HI  16  in, 
respectively,  Figures  39,  40  and  41. 
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Figure  39.  5083  H321  -  Transverse  Stress-Strain  Curves. 


Strain,  in/in 

Figure  40.  5086  H32  -  Transverse  Stress-Strain  Curves. 
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Figure  41.  5383  H1 16  -  Transverse  Stress-Strain  Curves. 
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Annex  B  -  FCGR  Methodology 


AN  INTEGRATED  METHODOLOGY  FOR  SEPARATING 
CLOSURE  AND  RESIDUAL  STRESS  EFFECTS  FROM 
FATIGUE  CRACK  GROWTH  RATE  DATA 

J.  KEITH  DONALD1  and  DIANA  A.  LADOS: 

'Fracture  Technology  Associates.  Bethlehem.  PA  1S020,  USA 
^Worcester  Polytechruc  Institute.  Metal  Processing  Institute,  Worcester,  MA  01609,  USA 

Abstract — -To  properly  interpret  the  results  of  standard  fatigue  crack  growth  tests  it  is  often  necessary  to  incorporate 
corrective  techniques  to  the  AK  applied  data  This  is  especially  tine  m  the  near-threshold  regime  where  long  crack  data  need 
to  be  closure  collected  to  predict  small  crack  behavior  It  is  also  an  issue  in  the  presence  of  residual  stress.  A  methodology 
to  separate  the  influence  of  sample  size,  geometry,  crack  length,  and  residual  stress  from  the  standard  crack  growth  test  data 
to  obtain  a  true  material  response  is  presented.  Stress  ratio  and  residual  stress  contributions  from  known  combinations  of 
assumed  crack  size,  applied  stress,  and  residual  stress  are  also  addressed  and  incorporated  in  the  fatigue  crack  growth 
behavior 


NOMENCLATURE 

a  =  crack  length 

a.  =  notch  length  before  crack  initiation 
a,,,  a,,  j  =  ciurent  crack  lengths  measured  at  two  successive  steps  n  and  n+1 
da  =  change  m  crack  length 
ACR  =  adjusted  compliance  ratio 

C,  =  A5W  AP,  compliance  above  the  opening  load 
C,  =  AO.ff  AP.  secant  compliance 

C  =  AO,  AP.  compliance  of  the  notch  before  crack  initiation 
E  =  modulus  of  elasticity 
n  =  IU,„  sensitivity  exponent 
P„„  =  maximum  load 
P,„n  =  minimum  load 
Pop  =  opening  load 
P0  =  zero  load 

R  =  ratio  of  minimum  to  maximum  load  or  stress 
Z(a)  =  influence  function 

do  =  change  in  displacement  due  to  change  ai  crack  length 
do,,,,  =  change  m  displacement  at  maximum  load  due  to  change  in  crack  length 

dO,„  -  change  m  displacement  due  to  residual  stress  and  change  in  crack  length 
A5,,„  =  change  in  displacement  at  maximum  load  due  crack  advance  from  notch 
=  closure  free  displacement  range 
A5.fr  =  actual  measured  displacement  range 
A5f  =  measured  displacement  range  before  crack  initiation 
A5,j  =  A5.|t  -  A5rf?.  displacement  difference  due  to  closure 
K  =  slress  intensity  factor 
K,-  =  slress  intensity  due  to  residual  stress 
Km,  -  maximum  stress  intensity 
K.„n  =  nonnahzed  slress  intensity 
AK  =  slress  intensity  range 
AK*,.  =  applied  stress  intent  in-  range 
Alwr  -  effective  stress  int easin’  rauge 
AKi  =  AK,V  -  AK.ff,  stress  intensity  reduction  due  to  closure 
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INTRODUCTION 


Steady-state  fatigue  crack  growth  data  generated  for  long  cracks  (corresponding  to  fatigue  crack 
growth  testing  conducted  on  compact  tension  C(T).  middle  tension  M(T).  etc.  specimens)  can  be  altered 
by  various  external  effects  and  often  do  not  represent  the  true  behavior  of  the  material  investigated. 

Such  effects  have  various  origins.  One  is  related  to  the  existence  of  closure  mechanisms,  active  behind 
the  crack  tip,  which  create  differences  between  long  crack  growth  data  (AK,F?)  and  naturally  initiated  or 
small  crack  growth  data  (AK*f?)  and  can  lead  to  non-conservative  estimations  of  fatigue  life.  Another 
source  of  errors  when  incorporating  long  crack  growth  data  in  design  is  associated  with  the  presence  of 
externally  induced  (or  global)  compression  or  tension  residual  stresses  [1,2,3],  In  this  case,  sample  size 
and  or  geometry  can  produce  variability  in  the  data  generated  on  virtually  identical  materials,  and  crack 
length  can  also  play  an  important  role.  Numerous  attempts  to  resolve  these  issues  and  normalize  data 
generated  under  various  specimen  testing  conditions  have  been  made  in  the  past,  but  no  comprehensive 
method  able  to  appropriately  handle  all  these  effects  lias  yet  been  proposed.  Thus,  in  this  study,  a 
methodology  able  to  successively  handle  these  effects  is  proposed. 

PROPOSED  METHODOLOGY 

The  methodology  correlates  fatigue  crack  growth  rate  (FC'GR)  data  from  samples  with  either  tensile, 
compressive  or  no  residual  stress  using  a  combination  of  compliance  measurement  techniques,  K- 
controL  adjusted  compliance  ratio  (ACR)  crack  closure  measurement  techniques,  on-line  crack- 
compliance  K  residual  calculations  and  ^  sensitivity  concepts.  The  resulting  FCGR  curve  is  a 
material  property  response  that  has  been  de-coupled  from  the  confounding  effects  of  crack  length,  test 
coupon  geometry  and  residual  stress.  As  opposed  to  the  traditional  hfe  prediction  models,  this 
methodology  uses  normalized  data  representative  of  a  zero  stress  ratio  (R  =  0)  with  no  remote  closure 
(small  crack  behavior).  Stress  ratio  effects  can  be  further  incorporated  m  fatigue  crack  growth  data  by 
back  calculating  AK*fj  from  the  normalized  K.  Although  it  is  believed  that  this  approach  gives  the  most 
reliable  life  prediction  methodology,  it  is  difficult  to  compare  this  process  to  more  traditional  methods 
since  evaluations  of  residual  stress  and  remote  closure  are  generally  not  obtained  during  standard  crack 
growth  rate  tests. 

There  are  tw'o  fundamental  reasons  why  data  from  large  samples  with  long  cracks  may  not  be 
representative  of  the  crack  growth  behavior  of  small  cracks: 

1)  In  the  presence  of  global  residual  stress  (for  example,  caused  by  quenching  as  part  of  heat 
treatment),  the  larger  the  sample  size  relative  to  the  original  component,  the  greater  the  degree  of 
residual  stress  captured  in  the  machined  sample  Also,  edge  crack  samples  and  center  crack 
samples  generally  exhibit  different  behavior  if  extracted  from  the  same  location  within  the 
original  component. 

2)  The  larger  the  sample  and  crack  size,  the  smaller  the  applied  stress  for  a  given  stress  intensity. 
This  point  seives  to  amplify  both  the  effects  of  remote  closure  and  residual  stress  compar  ed  to 
test  coupons  with  smaller  crack  sizes  and  higher  stresses. 

It  is  proposed  that  for  common  long  crack  test  samples,  a  proper  analytical  evaluation  of  the  fatigue 
crack  growth  rate  data  involves  the  following  steps: 

1  Generate  da  dN  data  using  compliance  measurement  techniques  and  K-control. 

2.  Determine  the  effective  stress  intensity  using  the  ACR  method. 

3.  If  possible,  adjust  for  residual  stress  using  the  on-line  crack-compliance  method. 
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4.  Use  Kaa  sensitivity  concepts  to  incorporate  residual  stress  effects  into  the  normalized  (or 
master)  crack  growth  rate  curve. 

5.  Reintroduce  stress  ratio  effects  into  the  master  curve  from  the  knowledge  of  crack  size, 
applied  stress  and  residual  stress  in  the  structure. 

Each  of  these  steps  will  be  detailed  below" 

1.  Compliance  measurement  and  K-control 

K-control  methodology  offers  advantages  for  fatigue  crack  gr  owth  data  generation  and  uses  a 
constant  value  of  the  expression  (l/K)  (dK  da)  to  control  the  K  profile.  A  negative  value  of  this 
expression  is  used  for  decreasing  K  (near-threshold)  and  a  positive  value  for  increasing  K  (mid  to  upper 
Region  II  and  Region  III).  This  effectively  results  in  a  greater  AK  range  over  the  same  increment  of 
crack  extension.  The  details  on  the  K-control  procedure  suggested  in  ASTM  E647  were  first  performed 
in  the  1970’s  (see  Ref.  [4]).  Experience  has  shown  this  procedure  substantially  reduces  the  test  time  and 
cost  necessary  to  generate  fatigue  crack  growth  data  with  no  adverse  impact  on  the  test  result. 

’Alien  practical,  the  compliance  method  of  monitoring  crack  length  is  used.  The  method  has  the 
advantage  of  higher  resolution  than  either  visual  methods  or  the  indirect  potential  drop  method  (foil 
gages)  because  the  method  averages  the  through-the-thickness  crack  length  instead  of  the  somewhat 
more  discontinuous  gr  owth  of  the  crack  on  the  surface.  ’Alien  sample  type  and  test  temperature  permit, 
the  compliance  method  is  generally  preferred  because  of  the  added  advantage  that  crack  closur  e  can  be 
evaluated.  Both  the  ASTM  2°o  offset  opening  load  method  [5]  and  the  adjusted  compliance  ratio  (ACR) 
method  [6]  are  based  on  compliance  data.  The  non-visual  crack  length  measurement  methods  should  be 
complemented  by  periodic  visual  measurements  of  the  crack,  both  for  validity  purposes  and  for  post-test 
analysis  collections  to  the  original  raw  data. 

Besides  the  commonly  recognized  closure  mechanisms,  macro  residual  stress-crack  closure  may 
significantly  influence  fatigue  crack  growth  rate  data.  Therefore,  in  addition  to  measuring  crack  closure 
(using  compliance  measurements),  notch  closing  or  opening  measurements  are  recommended  on 
compact  tension.  C(T).  samples  before  and  afrer  machining  the  notch  as  a  means  of 
evaluating  separating  the  individual  influence  of  residual  stress  on  from  the  crack  gr  owth  rate  behavior. 
The  significance  of  this  statement  including  the  impact  of  these  observations  on  fatigue  crack  growth 
rates  can  be  found  elsewhere  [7], 

2.  Adjusted  Compliance  Ratio  (ACR)  method 

Since  Elber  introduced  the  concept  of  crack  closure,  it  has  become  a  widely  used  tool  to  explain  the 
extrinsic  response  of  fatigue  crack  growth  rate  behavior.  Crack  closure  is  a  crack  tip  shielding 
mechanism  whereby  the  crack-tip  cyclic  strain  is  partially  shielded  from  damaging  stress.  The  source  of 
this  shielding  is  most  commonly  caused  by  crack  wake  interference  due  to  roughness  (microstructure), 
oxides,  plasticity,  and  oi  residual  stress.  The  experimental  measurement  of  crack  closure  has  been 
hampered  by  widely  varying  and  non-repeatable  methods  of  evaluation.  Furthermore,  experimental 
observations  are  subject  to  varying  and  inconsistent  methods  of  interpretation.  In  an  attempt  to  improve 
consistency  of  measurement.  ASTM  E647  has  introduced  an  automated  offset  opening  load  technique. 
Afrer  two  round-robin  programs,  this  method  was  adopted  as  an  annex  to  the  ASTM  E647  standard. 
However,  this  method  often  overcorrects  the  AK  applied  data  primarily  because  the  method  fails  to 
account  for  evidence  of  crack  tip  cyclic  strain  below'  the  opening  load  [6].  This  is  especially  important  if 
the  closure  mechanism  is  not  necessarily  near  the  crack  tip  but  distributed  along  the  full  wake  of  the 
crack  or  near  the  notch. 
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The  ACR  method  of  determining  the  effective  stress  intensity  has  been  useful  in  accounting  for 
compressive  residual  stress  and  other  sour  ces  of  remote  closure  resulting  in  an  intrinsic  FC'GR  curve  that 
is  thought  to  emulate  small  crack  gr  owth  behavior.  The  method  uses  the  same  load-displacement 
records  as  the  opening  load  method,  but  it  accounts  for  partial  closure  effects  (effects  below  the  opening 
load).  Hie  assumption  of  crack  tip  activity  below  the  opening  load  is  most  relevant  at  opening  loads  that 
are  a  large  fraction  of  the  applied  load,  such  as  the  near-threshcld  regime.  Hie  ACR  technique  attempts 
to  account  for  strain  fields  at  the  crack  tip,  below  K«,  caused  by  inter action  of  the  mating  broken  faces 
along  the  crack  wake.  Below  KoF,  the  interference  strains  induce  an  additional  K  at  the  crack  tip,  which 
is  added  to  the  EC,-  -  ,  thus  reducing  the  AK«s,  while  above  KoF  only  the  applied  force  contributes  directly 
to  KflFF 

This  method  estimates  Alwr  using  the  ratio  of  the  actual  displacement  range  (A5»g)  to  the 
displacement  range  that  would  have  occurred  in  the  absence  of  closure  (Ao„p)  (Figure  1).  This  method 
uses  remote  (front  face)  displacement  measurements  because  the  local  crack  tip  strain  is  impractical  or 
impossible  to  obtain.  The  displacements  are  a  "quantitative’'  measure  of  the  “qualitative"  strain  activity 
of  the  broken  surfaces  in  the  crack  wake.  Displacement  measurements  are  evaluated  relative  to  the 
original  displacement  of  the  notch  at  the  beginning  of  the  test,  and  therefore  the  adjusted  compliance 
ratio  is  calculated  by  subtr  acting  the  initial  notch  displacement  from  both  displacements  in  the  presence 
and  the  absence  of  closure: 

ACR  =  (Ao.ff  -  A5,)'(  AoI??  -  A5,)  (1) 

Converting  to  compliance,  the  expression  for  ACR  becomes: 


ACR=(Ct-C,y(Co-Ci) 


C-) 


where 

C5  =  Aoa:T  AP  is  the  secant  compliance 

Co  =  ASjpp  AP  is  the  compliance  above  the  opening  load 

C',  =  Afv’AP  is  the  compliance  of  the  notch  before  crack  initiation 

Once  ACR  is  determined,  AK^r  can  be  calculated  as: 

AK.g  =  ACR  -  AK,^  =  f  *  ~  ^  -  AK.f?  =  ■  AK.F?  (3) 

AOI??  -  Ao,  C0-C, 


Experimental  evidence  shows  that  when  the  initial  un-cracked  compliance.  Q,  is  subtracted  from 
both  the  numerator  and  denominator  of  the  compliance  ratio,  the  resulting  ACR  is  measurement-location 
insensitive  [6],  Hie  similarity  between  the  ACR  method  and  the  on-line  crack  compliance  method  (see 
Ref.  S  and  Section  4)  is  shown  in  Figures  1  and  2.  Either  method  gives  an  identical  result  for  the 
calculation  of  AK^-f.  In  the  first  case.  Figurel.  AR,*-  is  calculated  directly  from  the  ratio  of  compliances. 
In  the  second  case.  Figure  2.  AK,;  is  calculated  directly  and  then  subtracted  from  AKJ??  to  determine 
AK,g. 
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Load,  P 


AK«£f  =  AC'R  •  AKjF? 
where 


ACR  = 


or 


ACR  = 


C.-Cj 

Co-Ci 


(b) 


Fig.  1 .  (a)  Load-displacement  records  showing  the  critical  parameters  in  the  ACR  method  [6, 10]; 

(b)  equations  used  in  the  ACR  method. 


Load.  P 


AK«::  —  AKspp  —  AKcl 
where 

AK^AK,,  ^ 


*F? 


^=1-ACR  =  l-^ 


AK, 


AK,. 


(a)  (b) 

Fig.  2.  (a)  Load-displacement  records  showing  the  parameters  used  in  the  on-line  crack-compliance 
technique  for  global  closure  correction:  (b)  equations  used  in  the  on-line  crack-compliance  technique  for 

global  closure  correction. 
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Recently,  a  fracture  mechanics  based  analysis  providing  mathematical  foundation  for  residual  stress 
and  crack  closure  correction  methodologies  lias  been  developed  [8],  and  good  agreement  between  this 
analysis  and  the  ACR  method  was  observed.  It  should  be  noted  that  the  complexity  and  the  unknown 
distribution  of  forces  m  the  crack  wake  combined  with  the  increasingly  larger  increments  of  crack 
extension  used  for  calculating  the  ACR  make  the  solution  a  good  approximation  rather  than  an  exact 
solution.  The  effectiveness  of  the  ACR  method  has  been  demonstrated  in  two  recent  publications  [9.10], 
which  show'  good  correlations  between  small  crack  growth  data  and  ACR  corrected  long  crack  growth 
data.  The  data  fr  om  reference  [9]  uses  an  open-hole  comer  crack  sample  whereas  the  data  from 
reference  [10]  employs  axially  leaded  comer-crack  specimen  geometry.  Figure  3  [fr  om  Ref.  10]  shows 
that  the  small  crack  data  (triangles)  closely  matches  the  ACR  corrected  data  from  the  long  crack  sample 
(stars).  This  figure  also  shows  the  lack  of  correlation  between  small  crack  behavior  and  the  ASTM  2°  o 
offset  opening  load  method  (squares). 
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Fig  3.  Comparison  of  long  crack  data,  small  crack  data,  and  closure  corrected  data  (R=0.1)  for  an  Al-7%Si- 
0.45°  oMg  cast  alloy  [10]  (circles  =  unconected  long  crack  growth  data;  triangles  =  small  ciack  growth  data; 
stars  =  ACR  corrected  long  crack  growth  data;  squares  =  opening  load  corrected  long  crack  growth  data). 
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3.  Real-time  determination  ofKrcs  using  on-line  crack-compliance  method 

Recent  advances  in  fracture  mechanics  derivations  for  closure  confections  [8]  have  remarkably 
improved  the  understanding  of  the  ACR  closure  concept  with  notable  similarities  between  tins  concept 
and  the  cut-compliance  method  [7,1 1,12]  for  determining  K„;  The  on-line  crack-compliance  method  of 
determining  K.-»;  during  a  crack  growth  test  [8]  is  also  similar  to  the  cut-compliance  method  [7.1 1],  but  it 
can  be  applied  during  testing  and  without  using  influence  functions.  This  is  the  result  of  the  advances  in 
the  understanding  of  the  ACR  methodology  and  experimental  evidence  that  both  the  on-line  crack- 
compliance  method  and  the  ACR  method  are  indeed  measurement  location  insensitive. 

The  cut-compliance  method  of  computing  the  stress  intensity  due  to  residual  stress,  K™,  was 
developed  by  Schindler  [11]  and  is  based  on  Castighano's  theorem  However,  new  influence  functions 
have  been  developed  [7,8]  using  front-face  displacements  instead  of  back-face  strains: 


E  do 
Z(a)  da 


(4) 


The  new  on-line  crack-compliance  technique  can  be  applied  by  extrapolating  the  slope  of  the  load- 
displacement  curve  down  to  a  displacement  corresponding  to  zero  load  and  paying  careful  attention  to 
signal  stability  and  load-displacement  linearity.  As  the  crack  advances,  a  decrease  in  displacement  at 
zero  load  indicates  a  compressive  (negative)  K«i  whereas  an  increase  signifies  tensile  (positive)  K,l; 
Tensile  residual  str  ess  determination  is  straightforward  since  the  tendency  of  the  crack  to  open 
minimizes  crack  closure  effects  (Figure  4(a)).  Compressive  residual  stress  can  also  be  measured  as  long 
as  the  slope  of  the  load-displacement  curve  is  determined  above  the  closure  level  (Figure  4(b)).  K,i;  can 
be  determined  by  measuring  the  change  in  displacement  (or  strain)  at  maximum  load  for  a  given 
increment  of  crack  extension  and  comparing  this  to  the  corresponding  change  in  displacement  (or  strain) 
at  zero  load  over  the  same  increment  of  crack  extension.  The  ratio  of  the  displacement  change  at  zero 
load  (d5„.)  to  the  displacement  change  at  maximum  load  (doErt)  multiplied  by  K^,  provides  the  K,S1  as 
shown  below  [8]: 


Ka 


=  K 


(5) 


As  mentioned  earlier,  the  on-lme  crack-compliance  technique  can  be  applied  without  the  need  to 
calculate  influence  functions.  Z(a).  It  needs  to  be  noted  that  both  this  approach  and  the  ACR  method  are 
based  on  ratios  of  displacements  and  they  are  convenient  to  use  due  to  their  simplicity.  Since  a  ratio  of 
displacements  is  used  to  calculate  K™:.  the  displacements  need  not  be  measured  at  the  load-line.  The 
practical  application  of  this  methodology  requires  sufficient  signal  stability  and  linearity  to  determine 
K-ai  Furthermore,  predominately  elastic  behavior  is  assumed  since  the  influence  of  the  crack  tip  plastic 
zone  would  contribute  to  erroneous  calculations  of  K.i; 
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Fig.  4.  Load-displacement  records  showing  the  critical  parameters  in  the  on-line  crack-compliance  residual 
measurement  technique  [8]:  (a)  tensile  residual  stress  and  (b)  compressive  residual  stress;  the  dashed  lmes 
parallel  with  the  a--;  load-displacement  (or  tangent  to  the  load-displacement)  records  represent  residual 

stress  free  conditions. 


4.  sensitivity 

Compressive  residual  stress  has  a  direct  impact  on  the  crack  tip  driving  force.  AK.  especially  at  low 
stress  ratios  and  at  near-threshold  crack  growth  rates.  Tensile  residual  stress  may  only  affect  Jwj*  since 
the  crack  can  remain  fully  open  even  at  the  minimum  load.  Regardless  of  whether  or  not  compressive  or 
tensile  residual  stresses  are  present,  correlating  stress  ratio  effects  using  the  AC'R  method  often  results  in 
the  observation  that  the  FCGR  response  is  determined  not  only  by  AKs--.-  but  it  also  depends  on  K^,.  It 
was  also  observed  that  this  dependence  takes  the  form  of  a  power  law  with  the  magnitude  of  the 
exponent  being  a  measure  of  sensitivity  [13]. 

An  earlier  investigation  of  2000.  6000.  and  7000  series  wrought  aluminum  alloys  [14]  has  revealed  a 
second  order  L„  effect  that  covers  a  wide  range  of  crack  growth  rate  data  and  stress  ratios.  Figure  5(a). 
In  a  similar  manner  to  that  proposed  by  Walker  [15],  a  unique  intrinsic  FCGR  curve  can  be  obtained  by 
normalizing  the  stress  intensity  according  to  the  equation: 

K^AK^-K^"  (6) 


An  empirically  derived  Koi  sensitivity  exponent  n  =  0.25  was  shown  to  “collapse”  the  data.  Figure 
5(b)  (see  Ref.  [10]).  In  older  to  correctly  incorporate  this  sensitivity  concept,  it  is  necessary  to  first 
determine  the  effective  stress  intensity  using  the  ACR  method.  Then  K,l;  needs  to  be  added  to 
applied  to  give  the  total  K  in  the  K  normalization  process.  Equation  (6)  then  becomes: 


'  _  .  r  " 

norm  c<ff  ^  max -  re  udual 


(7) 
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The  Koi,x  sensitivity  concept  is  intended  to  compensate  for  the  interaction  between  AK  and  K^iX 
under  predominately  elastic  conditions  and  does  not  apply  to  Region  III  behavior.  A  methodology  to 
correct  Region  IH  FC'GR  data  for  plasticity  can  be  found  elsewhere  [16].  The  magnitude  of  the  Ka» 
sensitivity  exponent  may  vary  according  to  material  and  environmental  conditions.  Tire  correlation 
illustrated  in  this  example  may  not  apply  as  accurately  to  all  combinations  of  growth  rates  and  stress 
ratios  for  other  matenal-envuonment  systems. 


Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 
AK„  (MPaVtn) 


(a) 


Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 
aK„»»  Ktj>»  (MPa'.m) 


(b) 


Fig.  5.  Fatigue  crack  growth  data  of  2324-T39  A1  showing:  (a)  AK,F?  and  (b)  Kaom  after  ACR  coirection. 
5.  Re-introducing  stress  ratio  effects 

The  normalization  process  masks  the  effect  of  stress  ratio,  residual  stress,  and  remote  closure.  Since 
remote  closure  is  also  affected  by  a  combination  of  sample  size  and  geometry,  the  resulting  FCGR 
response  is  expected  to  be  a  good  indicator  of  the  material  property  for  a  physically  small  crack  as  long 
as  the  elastic  K  analysis  is  still  valid.  The  physically  small  crack  is  larger  than  the  mechanically  small 
crack  (where  K  is  no  longer  valid)  and  the  micro-structurally  small  crack  (where  behavior  is  governed 
by  micro-structural  constituents  on  the  order  of  the  crack  size).  The  normalization  process  is  not 
expected  to  mask  out  material  property’  details  such  as  orientation,  environment  or  toughness-related 
behavior  associated  with  upper  Region  II  and  Region  IE  behavior.  Thus,  the  normalization  process 
allows  a  direct  comparison  between  the  responses  of  different  materials  and  different  environments. 

In  order  to  apply  the  normalized  curve  into  a  life  prediction  process,  it  is  necessary  to  reintroduce  the 
stress  ratio  effect  and  solve  for  AK  Recognizing  that: 


K 


21 2JC 


AK 

(1-R) 


(8) 


Equation  (7)  can  be  rearranged  to  solve  for  AK,::  as  shown  in  equation  (9): 
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AK.s=Kn_(l-R)a 


(9) 


Equation  (9)  re-evaluates  a  curve  for  each  stress  ratio  of  interest  from  the  single  normalized  curve. 
Figure  6(a)  shows  the  effect  of  stress  ratio  (R  =  0.1,  0.3,  0.5,  and  0.7)  after  collecting  for  closure  using 
the  ACR  method.  In  Figure  6(b),  the  stress  ratio  effect  has  been  re-introduced  using  equation  (9)  for  the 
normalized  cuived  tested  at  a  stress  ratio  R=0.1.  After  re-processing.  Figure  6(b),  data  initially 
corresponding  to  one  stress  ratio  closely  match  the  data  provided  by  the  tests  done  under  four  different 
stress  ratios  (Figure  6(a)).  Determining  the  proper  stress  ratio  also  requires  knowledge  of  the  applied 
stress  and  the  residual  stress  for  the  structure 


Fatigue  Crack  Growth  Rate  vs  Stress  Intensity 
aK— (MPa>Vn) 


Fatigue  Crack  Growth  Rate  vs.  Stress  Intensity 
4K-(MPa\lm) 


(a) 


AKrtlkSrsWl) 

(b) 


Fig  6.  Fatigue  crack  growth  curves  showing:  (a)  original  AK,ff  data  (using  ACR  method)  and 
(b)  AK,-t  data  from  single  normalized  curve  after  re-mtroducing  stress  ratio  effect. 


SUMMARY 

A  methodology  has  been  presented  to  assist  in  providing  a  unique  intrinsic  FCGR  curve  that  is 
thought  to  emulate  small  crack  growth  behavior  of  a  material.  Tire  proposed  methodology  should  be 
considered  a  guideline  since  for  several  applications  some  of  the  presented  techniques  may  be 
impractical  (for  example,  compliance  measurement  on  samples  with  small  cracks  or  aggressive 
environments  is  often  impractical).  The  ACR  methodology  is  presented  as  a  useful  and  easy  to 
implement  tool  to  compensate  for  closure  contributions  and  to  determine  the  small  crack  growth 
behavior.  On-line  K,,;  measurements  are  considered  appropriate  means  to  account  for  residual  stress 
contributions  as  long  as  a  high  level  of  instrumentation  precision,  stability,  and  linearity  can  be 
achieved.  sensitivity  corrections  are  introduced  to  broaden  the  usefulness  of  the  methodology  for 
life  prediction  since  the  FCGR  curve  (excluding  Region  III)  can  be  normalized  and  expressed  as  a 
unique  curve  regardless  of  the  stress  ratio.  A  procedure  to  re-introduce  stress  ratio  effects  is  also 
presented  to  allow  the  use  of  normalized  data  for  life  prediction. 
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Annex  C  -  Photographs  of  Test  Samples 
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Annex  D  -  Individual  FCGR  Curves 
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Annex  E  -  Tabular  Results  -  ASTM  E647  Analysis 


Automated  Fatigue  Crack 
Growth  Elate  Analysis 


Test  ID 

Contract 

Material 

Temperature 

Environment 


5083-FCG-l 
SSC  10624-01 
5083-H321 
(F)  75 

RH  =  40% 


Geometry 
Orientation 
Yield  (ksi) 
Modulus  (Msi) 


C  (T) 
T-L 
34.3 
10.5 


Specimen  Dimensions  (in) 


Thickness 

0.499 

Heigh 

t 

2.400 

Net  Thickness 

0.499 

Notch 

Depth 

1.000 

Width 

4.000 

Gage 

Length 

0.500 

Frecrack  Parame 

ters 

Emax  (lbs) 

784.0 

Stress  Elatio 

0.10 

Final  a  (in) 

1.050 

Kmax 

(ksi  scr[i 

.n] ) 

4.00 

Test  Parameters 

EvBE  Freq 

Enax 

El 

Ai 

Koaxt 

C 

DKi 

23.681  10.00 

0 

0.10 

1.140 

3.00 

4.00 

0.00 

31.519  10.00 

0 

0.10 

1 . 456 

10.59 

2.00 

0.00 

49.471  5.00 

2800 

0.10 

0.000 

0.00 

0.00 

0.00 

K  Coeff 
.886 
4 . 64 
-13.32 
14.72 
—5 . 6 


C  Coeff 
1.00098 
-4.66951 
18.4631 
-236.825 
1214.88 
-2143.57 


Visual  Observations 


EvB/P 

Crack (EvB/P) 

Crack (visual 

)  Error 

CAF 

2  J .  6  :  3 

1.001 

1.002 

0.001 

1.012 

21.433 

1.040 

1.045 

0.005 

1.010 

21.845 

1 . 060 

1.055 

-0.005 

1.009 

23.564 

1.142 

1.150 

0.008 

1.004 

24.665 

1.190 

1.195 

0.005 

1.002 

26.544 

1.267 

1.270 

0.003 

0.998 

27.285 

1.296 

1.295 

-0.001 

0.996 

31 . 505 

1.443 

1.430 

-0.013 

0.988 

44.255 

1.773 

1.765 

-0.008 

0.972 

49.170 

1.869 

1.865 

-0.004 

0.967 

89.244 

2.357 

2.365 

0.008 

0 . 944 

Comments 


Date  of  test:  8/10/2006 

Waveform  Type  Sine 
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Test  ID  5083-FCG— 1 


Pir-ax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

23.68 

1.1470 

52235 

5€8 

23.75 

1.1S18 

106526 

0.0095 

577 

23.89 

1.1564 

158876 

0.0095 

587 

24.00 

1.1612 

205524 

: .  o  c  4  7 

5S7 

24.11 

1.1655 

258543 

: . DC  47 

607 

24.21 

1.1706 

304075 

0.004B 

617 

24.32 

1.1753 

345371 

:  .  0  C  4  3 

628 

24.43 

1.1802 

387545 

C . 0043 

63S 

24.55 

1.1852 

425050 

0.0048 

650 

24.66 

1.1855 

465404 

: . DC  4 3 

660 

24.77 

1.1946 

500243 

0.0048 

672 

24.88 

1.1953 

535082 

0.0047 

683 

24.55 

1.2041 

568406 

0.0047 

654 

25.10 

1.2088 

558700 

0.0047 

706 

25.21 

1.2135 

628088 

0.0047 

718 

25.33 

1.2182 

655561 

0.0047 

730 

25.44 

1.2225 

681411 

0.0047 

743 

25.56 

1.2277 

705645 

0.0047 

755 

25.67 

1.2323 

728190 

0.0047 

768 

25.79 

1.2371 

745515 

0.0047 

781 

25.5  3 

1.2418 

767540 

0.0047 

754 

26.02 

1.2464 

785195 

0.0048 

807 

26.13 

1.2511 

801475 

C . DC  4 8 

821 

26.26 

1.2560 

816211 

0.0048 

835 

26.38 

1.2605 

828774 

:  .  D  C  4  3 

850 

26.51 

1.2658 

338825 

0.004B 

864 

26.62 

1.2704 

847267 

0.0047 

878 

26.74 

1.2750 

354317 

0.0047 

854 

26.86 

1.2757 

861565 

0.0046 

508 

26. SB 

1.2843 

867603 

:  .  D  C  4  7 

523 

27.10 

1.2850 

872748 

0.0047 

535 

27.23 

1.2937 

877473 

0.0047 

555 

27.36 

1.2986 

881548 

C . DC  47 

572 

27. 4B 

1.3034 

385810 

0.004B 

588 

27.61 

1.3081 

385103 

0.0048 

1004 

27.73 

1.3127 

851557 

:  .  D  C  4  7 

1022 

27.86 

1.3175 

3S4S5S 

0.0047 

1035 

27.55 

1.3224 

357460 

0.0047 

1056 

28.12 

1.3265 

855673 

0.0047 

1074 

28.25 

1.3317 

901756 

0.0047 

1053 

28. 3B 

1.3365 

903631 

0.0047 

1111 

28.51 

1.3411 

905258 

0.0048 

1125 

28.64 

1.3458 

906881 

0.0048 

1145 

28.77 

1.3506 

908365 

0.0047 

Fage  1 


dN 

da/dN 

JCrnax  deltaK 

(in/cyc) 

(ksi[in]~.5) 

106637 

8.875E-8 

3.095 

2.785 

102558 

S.213E-8 

3.162 

2.846 

48855 

9.610E-B 

3.225 

2.502 

46770 

1.012E-7 

3.285 

2.560 

45025 

1.068E-7 

3.354 

3.019 

42580 

1.125E-7 

3.422 

3.0B0 

40217 

1.18BE-7 

3.492 

3.142 

33501 

1.243E-7 

3.562 

3.206 

37173 

1.2S3E-7 

3.635 

3.271 

35153 

1.352E-7 

3.707 

3.336 

33173 

1.41SE-7 

3.781 

3.403 

31760 

1.4S3E-7 

3.B57 

3.471 

30155 

1.566E-7 

3.534 

3.541 

2 = 42C 

1.664E-7 

4.012 

3.611 

26631 

1.770E-7 

4.053 

3.683 

25137 

1.888E-7 

4.174 

3.757 

23309 

2.036E-7 

4.258 

3.832 

21535 

2.1SSE-7 

4.343 

3.505 

2  :  Di¬ 

2.384E-7 

4.429 

3.586 

li  42" 

2.606E-7 

4.518 

4.066 

16754 

2.8S3E-7 

4.606 

4.146 

14384 

3.2S8E-7 

4.700 

4.230 

13221 

3.848E-7 

4.755 

4.316 

11604 

4.511E-7 

4.BS5 

4.405 

10015 

5.1SSE-7 

4.954 

4.454 

8565 

5.885E-7 

5.054 

4.584 

7325 

6.671E-7 

5.155 

4.676 

6441 

7.S15E-7 

5.256 

4.766 

5780 

8.458E-7 

5.402 

4.862 

5166 

S.484E-7 

5.508 

4.557 

4585 

1.06SE-6 

5.619 

5.057 

4066 

1.203E-6 

5.733 

5.160 

3685 

1.346E-6 

5.848 

5.263 

3331 

1.4S1E-6 

5.565 

5.365 

2554 

1.638E-6 

6.085 

5.477 

2658 

1.806E-6 

6.207 

5.586 

2421 

2.000E-6 

6.331 

5.658 

2217 

2.200E-6 

6.458 

5.812 

2004 

2.418E-6 

6.587 

5.528 

1818 

2.641E-6 

6.717 

6.046 

1684 

2.871E-6 

6 . 852 

6.167 

1545 

3.107E-6 

6.985 

6.290 

1426 

3.347E-6 

7.131 

6.418 
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Tesr  ID  S0B3-FCG-1  Page  2 


Pniax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaiC 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi[in]~.S) 

1165 

28.51 

1.3556 

905778 

0.0047 

1326 

3.622E-6 

7.275 

6.548 

1185 

29.04 

1.3603 

911052 

0.0047 

1232 

3.856E-6 

7.422 

6.680 

1208 

29.17 

1.3645 

912185 

0.0047 

1142 

4.174E-6 

7.570 

6.813 

1225 

29.31 

1.3656 

913256 

0.0047 

1064 

4.457E-6 

7.717 

6.545 

1245 

29.44 

1.3742 

914270 

0.0047 

993 

4.75SE-6 

7.871 

7.084 

1270 

29.58 

1.3785 

91S215 

0.0047 

937 

5.068E-6 

8.028 

7.226 

1252 

29.72 

1.3838 

916155 

0.0048 

886 

5.423E-6 

8.190 

7.371 

1314 

29.86 

1.3886 

917012 

0.0048 

832 

5.757E-6 

8.357 

7.521 

1337 

7  3 . 0  3 

1.3933 

917811 

0.0048 

783 

6.166E-6 

8.527 

7.675 

1360 

30.14 

1.3983 

918571 

0.0048 

733 

6.S36E-6 

8.655 

7.825 

1383 

30.29 

1.4030 

915262 

0.0047 

692 

6.86SE-6 

8.874 

7.597 

1406 

30.42 

1.4076 

915515 

0.0047 

655 

7.203E-6 

5.052 

8.147 

1430 

30.56 

1.4124 

920555 

0.0047 

624 

7.541E-6 

9.228 

8.305 

1453 

30.70 

1.4170 

921163 

0.0047 

600 

7.88SE-6 

5.413 

8.472 

1478 

30.85 

1.4217 

921735 

0.0048 

578 

8.232E-6 

9.601 

8.641 

1503 

31.00 

1.4266 

922315 

0.0048 

552 

8.603E-6 

5.754 

8.815 

1525 

31.15 

1.4314 

922864 

0.0056 

1070 

8.S51E-6 

5.952 

8.553 

1555 

31.29 

1.4362 

923385 

0.0095 

1005 

9.378E-6 

10.155 

9.175 

31.44 

1.4405 

923873 

31.52 

1.4435 

924558 

1615 

31.81 

1.4528 

925415 

0.0190 

1776 

1.067E-5 

10.702 

5.632 

1637 

32.12 

1.4624 

926334 

0.0192 

1775 

1.080E-5 

10.911 

5.820 

1655 

32.43 

1.4720 

927158 

0.0189 

1693 

1.115E-5 

11.127 

10.014 

1681 

32.73 

1.4813 

928027 

0.0096 

815 

1.179E-5 

11.348 

10.213 

1704 

33.05 

1.4905 

928822 

0.0096 

772 

1.241E-5 

11.577 

10.419 

1728 

33.38 

1.5005 

925582 

0.0095 

735 

1.304E-5 

11.807 

10.626 

1751 

33.70 

1.5105 

930308 

0.0056 

702 

1.365E-5 

. 

10.841 

1775 

34.02 

1.5155 

930964 

0.0055 

665 

1.426E-5 

12.283 

11.055 

1755 

3  4.34 

1.5252 

931605 

0.0095 

634 

1.4S0E-5 

12.525 

11.272 

1823 

34.67 

1.5386 

932236 

0.0095 

605 

1.S61E-5 

12.765 

11.492 

1847 

:  = . : : 

1.5480 

932312 

0.0095 

587 

1.625E-5 

13.024 

11.721 

1872 

35.35 

1.5577 

933388 

0.0055 

561 

1.6S7E-5 

13.285 

11.556 

1855 

35.71 

1.5676 

933564 

0.0095 

536 

1.776E-5 

13.550 

12.195 

1524 

36.06 

1.5771 

934486 

0.0095 

517 

1.846E-5 

13.821 

12.435 

1545 

36.40 

1.5863 

934973 

0.0096 

494 

1.534E-5 

14. 354 

12.685 

1576 

36.76 

1.5955 

935454 

0.0055 

467 

2.033E-5 

14.365 

12.532 

2002 

37.11 

1.6053 

935913 

0.0095 

445 

2.133E-5 

14.656 

13.191 

2025 

37.49 

1.6151 

936345 

0.0096 

425 

2.23SE-5 

14.945 

13.450 

2056 

37.86 

1.6246 

936765 

0.0096 

411 

2.343E-5 

15.144 

13.719 

2084 

38.23 

1.6341 

937157 

0.0097 

351 

2.467E-5 

15.545 

13.594 

2112 

38.62 

1.6438 

937548 

0.0056 

365 

2.597E-5 

15.861 

14.275 

2141 

39.02 

1.6537 

937522 

0.0055 

345 

2.742E-5 

16.183 

14.565 

2170 

39.42 

1.6635 

538255 

0.0056 

334 

2.890E-5 

11.5: : 

14.850 

2158 

39.79 

1.6725 

538562 

0.0096 

314 

3.047E-5 

16.827 

15.144 

2226 

40.18 

1.6818 

538861 

0.0055 

293 

3.217E-5 

17.155 

15.439 
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Pirtax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi  [in]  *'.5) 

2256 

40.60 

1.6516 

S3S15S 

0.0054 

278 

3.353E-5 

17.489 

15.741 

2286 

41.01 

1.7011 

535430 

0.0056 

265 

3.5S4E-5 

17.836 

16.053 

2315 

41.41 

1.7105 

535681 

0.0097 

256 

3.776E-5 

18.188 

16.369 

2346 

41 .  :  3 

1.7155 

535927 

0.0056 

240 

3.S33E-5 

18.555 

16.655 

2378 

42.23 

1.7301 

540173 

0.0096 

228 

4.204E-5 

18.521 

17.025 

2405 

42.72 

1.7357 

540356 

0.0096 

218 

4.431E-5 

i  s .  3 :  i 

17.371 

2440 

43.14 

1.7450 

540598 

0.0098 

207 

4.713E-5 

19.683 

17.715 

2472 

43.55 

1.7586 

540755 

0.0096 

152 

5.002E-5 

20.071 

13.C64 

2505 

44.05 

1.7683 

540551 

0.0095 

180 

5.312E-5 

20.475 

13.432 

2535 

44 . 53 

1.7785 

541167 

0.0096 

172 

5.640E-5 

20.876 

18.785 

2570 

44.56 

1.7875 

541326 

0.0097 

162 

5.SS5E-5 

21.254 

19.165 

2602 

45.42 

1.7563 

541478 

0.0096 

150 

6.374E-5 

21.712 

19.541 

2637 

45.52 

1.8065 

541631 

0.0095 

141 

6.757E-5 

22.136 

19.923 

2671 

46.40 

1.8166 

541768 

0.0096 

134 

7.262E-5 

22.576 

2  0.215 

2705 

46.37 

1.8253 

541890 

0.0097 

126 

7.733E-5 

23.025 

20.723 

2740 

47.37 

1.8354 

542012 

0.0097 

117 

8.305E-5 

23.477 

21.125 

2775 

47.85 

1.8453 

542128 

0.0196 

222 

8.837E-5 

23.547 

21.553 

2311 

4  3.4  3 

1.8551 

542234 

0.0195 

202 

S.643E-5 

24.425 

21.983 

43.53 

1.8648 

542330 

45.47 

1.8747 

542436 

2300 

45.56 

1.8836 

542538 

0.0185 

207 

8.S33E-5 

24.846 

22.360 

2300 

50.50 

1.8532 

542643 

0.0193 

211 

S.167E-5 

25.015 

22.513 

2800 

51.05 

1.5030 

542745 

0.0194 

207 

5.372E-5 

25.192 

22. 673 

2300 

51.61 

1.5126 

542850 

0.0097 

101 

S.530E-5 

25.371 

22.834 

2300 

52.16 

1.5221 

542548 

0.0097 

100 

S.770E-5 

25.555 

22.555 

2800 

52.75 

1.5320 

543046 

0.0098 

58 

S.S34E-5 

25.738 

23.164 

2300 

53.33 

1.5417 

543143 

0.0098 

56 

1.017E-4 

25.525 

23.336 

2300 

53.54 

1.5517 

543241 

0.0098 

54 

1.041E-4 

26.120 

23.508 

2300 

54 . 55 

1.5615 

543334 

0.0097 

51 

1.067E-4 

26.313 

23.682 

2300 

55.16 

1.5712 

543424 

0.0097 

85 

1.0S6E-4 

26.505 

23.858 

2300 

55.73 

1.S80S 

543505 

0.0097 

86 

1.127E-4 

26. 7.;  1 

24 .  C  31 

2800 

56.33 

1.5502 

543550 

0.0096 

83 

1.1SSE-4 

26.502 

24.212 

2300 

57 . ;  3 

2.0002 

543676 

0.0097 

81 

1.138E-4 

27.100 

24.390 

2800 

57.65 

2.0100 

543757 

0.0096 

75 

1.218E-4 

27.303 

24.572 

2300 

53.32 

2.0153 

543833 

0.0097 

78 

1.246E-4 

27.513 

24.761 

2800 

55.00 

2.0253 

543910 

0.0097 

75 

1.2S2E-4 

27.716 

24.544 

2800 

55.67 

2.0388 

543583 

0.0097 

73 

1.316E-4 

27.928 

25.135 

2800 

60.34 

2.0483 

544056 

0.0098 

72 

1.353E-4 

28.140 

25.326 

2300 

61.04 

2.0581 

544126 

0.009B 

70 

1.33SE-4 

28.358 

25.522 

2800 

61.77 

2.0680 

544156 

0.0097 

68 

1.426E-4 

28.584 

25.726 

2800 

62.53 

2.0783 

544267 

0.0098 

66 

1.473E-4 

28.807 

25.526 

2800 

63.25 

2.0878 

544330 

0.0095 

64 

1.S3SE-4 

25.036 

26.132 

2800 

63.57 

2.0572 

544392 

0.0098 

61 

1.603E-4 

25.263 

26.336 

2800 

64.73 

2.1070 

544452 

0.0097 

58 

1.67SE-4 

25.503 

26.552 

2300 

65.57 

2.1176 

544511 

0.0098 

56 

1.751E-4 

25.733 

26.760 
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Test 

ID  S0B3- 

-FCG-1 

Page  4 

Pitax 

EvB/P 

a 

N 

da 

dll 

da/ 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi[in]*.S) 

2800 

66.32 

2.1265 

544563 

0.0098 

55 

1.802E-4 

29.981 

26.583 

2800 

67.05 

2.1364 

544614 

0.0055 

53 

1.843E-4 

3:.22C 

27.198 

2800 

67.52 

2.1464 

944667 

0.0097 

52 

1.86SE-4 

30.463 

27.417 

2800 

68.74 

2.1561 

544720 

0.0098 

51 

1 . 507E-4 

30.715 

27.646 

2300 

65.60 

2.1661 

544772 

0.0098 

50 

1.S62E-4 

30.970 

27.872 

2800 

70.44 

2.1757 

544322 

0.005B 

48 

2.056E-4 

31.231 

28.108 

2800 

71.32 

2.1857 

544368 

0.0098 

45 

2.174E-4 

31.486 

2B.337 

2300 

72.17 

2.1552 

544911 

0.0098 

43 

2.2S3E-4 

31.7  =  7 

28.581 

2800 

73.10 

2.2053 

544953 

0.0097 

41 

2.411E-4 

32.023 

28.820 

2800 

74.02 

2.2151 

544552 

0.0097 

35 

2.521E-4 

32.296 

29.066 

2300 

74.52 

2.2247 

545025 

0.0098 

33 

2.612E-4 

32.570 

29.312 

2800 

75.84 

2.2342 

545065 

0.0098 

36 

2.69SE-4 

32  . 

25.563 

2300 

76.82 

2.2441 

545100 

0.0097 

35 

2.7S2E-4 

33.130 

29.816 

2300 

77.80 

2.2540 

545136 

0.0098 

33 

2.S25E-4 

33.422 

30.079 

2300 

7B.80 

2.2638 

545165 

0.0059 

32 

3.057E-4 

33.711 

30.335 

2800 

75. 78 

2.2733 

545155 

0.00SB 

31 

3.198E-4 

34.316 

30.613 

2300 

80.85 

2.2835 

545225 

0.0098 

25 

3.3S1E-4 

34.317 

30.884 

2300 

81.53 

2.2535 

545255 

0.009B 

27 

3.580E-4 

34.627 

31.163 

2800 

82.57 

2.3031 

545285 

0.0059 

26 

3.772E-4 

34.541 

31.445 

2800 

84.05 

2.3128 

945305 

0.0099 

25 

3.SS0E-4 

35.250 

31.723 

2800 

85.13 

2.3223 

545333 

0.0099 

23 

4.256E-4 

35.574 

32.015 

2800 

86.25 

2.3324 

545356 

0.0101 

22 

4.5SCE-4 

38.5)6 

31.313 

2800 

87.50 

2.3427 

545378 

0.0100 

21 

4.863E-4 

36.245 

32.618 

2800 

8S.70 

2.3527 

545358 

0.0101 

20 

5.123E-4 

36.611 

32.546 

2755 

50.04 

2.3635 

545417 

0.0101 

IS 

5.3SSE-4 

36.552 

33.255 

2800 

51.13 

2.3730 

545435 

0.0102 

18 

5.7S7E-4 

37.317 

33.582 

2300 

52.31 

2.3827 

545452 

0.0101 

17 

6.112E-4 

37.671 

33.502 

2300 

53.57 

2.3928 

545468 

0.0100 

15 

6.557E-4 

35.346 

34.240 

2800 

54.55 

2.4037 

545483 

0.0102 

14 

7.230E-4 

38.416 

34.565 

2755 

56.21 

2.4134 

945457 

0.0103 

13 

7.83SE-4 

38.816 

34.525 

2755 

57.56 

2.4237 

545505 

0.0103 

12 

8.41SE-4 

35 .211 

35.283 

2755 

55.00 

2.4344 

545521 

0.0102 

12 

8.S04E-4 

35.6)5 

35.641 

2755 

100.35 

2.4444 

545532 

0.0103 

11 

S.478E-4 

4C . 327 

36.017 

2755 

101.81 

2.4546 

545542 

0.0103 

10 

9.SS7E-4 

43.441 

2755 

103.31 

2.4650 

545553 

0.0103 

10 

1.048E-3 

40.866 

36.771 

2755 

104.81 

2.4753 

545562 

0.0104 

5 

1.126E-3 

41.289 

37.147 

2758 

106.25 

2.4852 

545571 

0.0104 

5 

1.1S6E-3 

41 . 745 

37.556 

2758 

107.96 

2.4561 

945580 

0.0104 

8 

1.283E-3 

42.153 

37.557 

2758 

105.62 

2.5068 

545587 

0.0107 

8 

1.3S2E-3 

42.665 

38.381 

2758 

111.26 

2.5170 

945555 

0.0105 

7 

1.534E-3 

43.132 

38.797 

2757 

112.55 

2.5274 

545602 

0.0105 

6 

1.653E-3 

43.654 

39.266 

2757 

114.57 

2.5355 

945608 

0.0105 

6 

1.50SE-3 

44.37? 

35.636 

2754 

116.50 

2.5485 

545613 

0.0105 

5 

2.114E-3 

44.610 

40.095 

2751 

118.40 

2.5553 

545618 

0.0106 

5 

2.415E-3 

45.100 

40.535 

2755 

120.28 

2.5655 

545622 

0.0101 

4 

2.670E-3 

45.575 

40.552 

Test 

ID  5083 

-FCG-1 

Page  5 

?max 

EvB/P 

a 

N 

da 

d)f 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

<ksi[: 

in]*  .5) 

2752 

122.17 

2.5802 

545626 

0.0104 

4 

2.815E-3 

46.127 

41.435 

2785 

124.18 

2.5910 

545625 

0.0104 

4 

2.S77E-3 

46.627 

41.8B2 

2750 

125.98 

2.6004 

545632 

0.0105 

3 

3.221E-3 

47.141 

42.324 

2787 

128.07 

2.6111 

545636 

0.0216 

7 

3.080E-3 

47.631 

42.746 

2775 

130.25 

2.6215 

545635 

0.0216 

5 

4.324E-3 

48.075 

43.109 

132.46 

2.6327 

545641 
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Automated  Fatigue  Crack 
Growth  Rate  Analysts 


Test  ID 

5083-FCG-2 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5083-K321 

Yield  (ksi) 

34.3 

Temperature  {F) 

75 

Modulus  (Msl) 

10.5 

Environment  RH  =  ■ 

40% 

Specimen  Dimensions  (in) 

Thickness 

0.458 

Height 

2.400 

Met  Thickness 

0.458 

Notch  Depth 

1.000 

Width 

4.000 

Gage  Length 

0.500 

Precrack  Parameters 

Pmax  (lbs) 

782.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kr.ax  (ksi  scr[in]) 

4.00 

Test  Parameters 

EvBP  Freq 

Pmax  R 

Ai  Kmaxi 

C 

DKi 

23.508  10.00 

0  0.10 

1.140  3.00 

4.00 

0.00 

31.601  10.00 

0  0.10 

1.455  10.58 

2.00 

0.00 

45.466  5.00 

2800  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.836 

1.00098 

4.64 

-4.66551 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

• 

-2143.57 

Visual  Observations 

EvB/P  Crack (EvB/P)  Crack (visual)  Error 

CAF 

20.449  0.956 

1.000 

0.004 

1.015 

21.848  1.067 

1.075 

0.008 

1.015 

23.456  1.145 

1.150 

0.005 

1.010 

27.159  1.256 

1.255 

-0.001 

1.001 

31.458  1.447 

1.430 

-0.017 

0.592 

42.053  1.727 

1.720 

-0.007 

0 . 976 

45.145  1.870 

1.B70 

0.000 

0.568 

104.045  2.464 

2.470 

0.006 

0.936 

Comments 

Date  of  test:  8/14/2006 

Waveform  Type  Sine 
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Test  ID  5083-FCG-2 


Pntax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

23.51 

1.1452 

5353 

546 

23.56 

1.1477 

40922 

0.0074 

556 

23.67 

1.1526 

103374 

0.0097 

566 

23.78 

1.1574 

158824 

0.0044 

575 

23. SB 

1.1618 

211835 

0.0048 

585 

23.88 

1.1667 

263545 

: .  o  c  4  7 

585 

24.10 

1.1716 

314436 

0.0047 

606 

24.22 

1.1766 

363089 

C.0C47 

616 

24.32 

1.1811 

404786 

0.0048 

626 

24.43 

1.1857 

445408 

: . :  c  4  s 

636 

24.54 

1.1804 

484607 

0.0047 

647 

24 . 22 

1.1852 

522712 

: . oc47 

658 

24.77 

1.2003 

560580 

0.0047 

670 

24.23 

1.2050 

584601 

:  .  0  C  4  3 

681 

24.88 

1.2086 

625664 

0.0048 

682 

25.10 

1.2142 

655247 

:  .  3  C  4  7 

704 

25.21 

1.2188 

683351 

0.0047 

716 

25.33 

1.2237 

709682 

C . DC  47 

728 

25.45 

1.2286 

734534 

0.0047 

741 

25.56 

1.2333 

757018 

0.0047 

753 

25.67 

1.2378 

777136 

0.0047 

765 

25.78 

1.2423 

786069 

: . : :  4  6 

778 

25.80 

1.2470 

814055 

0.0046 

782 

26.02 

1.2518 

830152 

:  .  3  C  4  7 

805 

26.14 

1.2564 

843788 

0.0048 

818 

26.26 

1.2611 

355812 

C . 3C47 

833 

26.38 

1.2661 

B6742S 

0.0047 

848 

26.52 

1.2709 

876763 

0.0047 

861 

26.62 

1.2754 

884131 

0.0047 

876 

26.74 

1.2800 

BS0415 

0.0046 

880 

26.86 

1.2B4S 

8SSS41 

0.0047 

806 

26.88 

1.2883 

801160 

: .  o  c  4  7 

821 

27.10 

1.2938 

905881 

0.0047 

837 

27.23 

1.2989 

810107 

:  .  3  C  4  7 

853 

27.36 

1.3036 

913882 

0.0047 

868 

27.48 

1.3083 

817260 

:  .  3  C  4  7 

885 

27.60 

1.3127 

920282 

0.0046 

1001 

27.73 

1.3173 

923239 

C . 3C46 

1018 

27.86 

1.3222 

925906 

0.0047 

1036 

27.88 

1.3267 

828167 

: . 3C47 

1053 

28.11 

1.3314 

930403 

0.0047 

1071 

28.24 

1.3362 

832435 

:  .  3  C  4  7 

1088 

28.37 

1.3408 

834325 

0.0047 

1108 

2B.51 

1.3457 

836114 

0.0047 

Page  1 


dN 

da/dK 

Kmax  deltaK 

(in/ eye) 

(ksi [in] ~.S) 

98021 

7.540E-8 

2.887 

2.697 

117902 

8.1SSE-3 

3.043 

2.739 

51514 

8.606E-8 

3.105 

2.784 

53686 

8.948E-8 

3.168 

2.851 

50237 

9.425E-8 

3.232 

-.508 

47764 

S.S28E-8 

3.288 

2.868 

45445 

1.04SE-7 

3.365 

3.028 

43195 

1.10SE-7 

3.434 

3.090 

41024 

1.167E-7 

3.500 

3.150 

38584 

1.227E-7 

3.571 

3.214 

36311 

1.2S8E-7 

3.644 

3.280 

34973 

1.35SE-7 

3.717 

3.346 

3  3124 

1.438E-7 

3.783 

3.414 

31162 

1.528E-7 

3.868 

3.481 

2  =  882 

1.633E-7 

3.945 

3.550 

27070 

1.754E-7 

4.024 

3 . 622 

25245 

1.880E-7 

4.106 

3.696 

23470 

2.017E-7 

4.180 

3.771 

21784 

2.16SE-7 

4.273 

3.846 

20078 

2.354E-7 

4.357 

3.921 

18208 

2.584E-7 

4.442 

3.988 

16482 

2.883E-7 

4.532 

4.078 

15348 

3.256E-7 

4.620 

4.158 

13449 

3.710E-7 

4.715 

4.243 

11679 

4.264E-7 

4.810 

4.328 

10044 

5.022E-7 

4.908 

4.417 

=  682 

5.905E-7 

5.006 

4.505 

7541 

6.81SE-7 

5.108 

4.597 

6408 

7.704E-7 

5.205 

4.685 

5557 

8.682E-7 

5.310 

4.778 

4959 

9.746E-7 

5.413 

4.872 

4474 

1.088E-6 

5.526 

4.873 

4057 

1.202E-6 

5.635 

5.072 

3680 

1.311E-6 

5.752 

5.177 

3338 

1.433E-6 

5.864 

5.277 

3010 

1.S6SE-6 

5.981 

5.383 

2754 

1.71SE-6 

6.089 

5.438 

2528 

1.88SE-6 

6.219 

5.597 

2341 

2.050E-6 

6.344 

5.710 

2146 

2.226E-6 

6.471 

5.824 

1859 

2.414E-6 

6.601 

5.941 

1812 

2.640E-6 

6.733 

6.060 

1657 

2.903E-6 

6.868 

6.181 

112 
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Prr.ax 

EvB/P 

a 

H 

da 

d!J 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi  [in]  ~  .5) 

1126 

28.64 

1.3503 

937655 

0.0047 

1524 

3.172E-6 

7.006 

6.305 

1145 

28.77 

1.3550 

935041 

0.0047 

1354 

3.457E-6 

7.145 

6.430 

1165 

2B.S0 

1.3557 

540342 

0.0047 

1270 

3.724E-6 

7.285 

6.560 

1185 

29.04 

1.3645 

541578 

0.0047 

1178 

4.013E-6 

7.435 

6.691 

1205 

29.17 

1.3652 

942686 

0.0047 

1103 

4.2SSE-6 

7.580 

6.822 

1224 

29.30 

1.3736 

543733 

0.0047 

1032 

4.S92E-6 

7.735 

6.561 

1246 

29.44 

1.3785 

944727 

0.0047 

965 

4.518E-6 

7.885 

7.097 

1267 

29.58 

1.3832 

545657 

0.0048 

912 

5.252E-6 

8.046 

7.242 

1283 

29.72 

1.3880 

546532 

0.0048 

856 

5.623E-6 

8.210 

7.385 

1311 

2  5  .  =  € 

1.3928 

947365 

0.0048 

802 

5.580E-6 

8.377 

7.539 

1333 

30.00 

1.3577 

948157 

0.0047 

753 

6.334E-6 

8.545 

7.654 

1357 

30.15 

1.4025 

948867 

0.0047 

707 

6.642E-6 

8.720 

7.848 

1375 

30.28 

1.4071 

945538 

0.0047 

667 

6.SSSE-6 

8 . 853 

8.004 

1401 

3  3.42 

1.4116 

950175 

0.0047 

625 

7.364E-6 

5.064 

8.158 

1424 

30.55 

1.4160 

950773 

0.0046 

601 

7.731E-6 

5.244 

8.315 

1445 

30.70 

1.4208 

951366 

0.0047 

578 

8.157E-6 

5.424 

8.482 

1473 

30.85 

1.4256 

951531 

0.0047 

558 

8.532E-6 

9.615 

8.654 

1458 

30.99 

1.4303 

952470 

0.0048 

534 

8.S11E-6 

5.814 

8.832 

1525 

31.15 

1.4353 

953008 

0.0097 

1050 

9.15SE-6 

10.005 

5.008 

1550 

31.29 

1.4400 

953520 

0.0093 

968 

5.641E-6 

10. 215 

9.194 

31.44 

1.4447 

953976 

31.60 

1.4458 

954790 

1612 

31.80 

1.4560 

955367 

0.0160 

1474 

1.087E-5 

10.765 

5.685 

1634 

32.11 

1.4655 

956264 

0.0152 

1750 

1.095E-5 

10.940 

5.846 

1656 

32.41 

1.4752 

957117 

0.0150 

1660 

1.146E-5 

11.164 

10.048 

1675 

32.73 

1.4845 

957924 

0.0055 

755 

1.1S1E-5 

11.381 

10.243 

1701 

33.04 

1.4543 

958705 

0.0055 

766 

1.238E-5 

11.605 

10.448 

1724 

33.36 

1.5037 

955432 

0.0055 

732 

1.252E-5 

11.839 

10.655 

1748 

33.68 

1.5132 

960160 

0.0055 

700 

1.350E-5 

12.072 

10.865 

1772 

34.01 

1.5227 

960860 

0.0055 

665 

1.417E-5 

12.314 

11.083 

1756 

34.34 

1.5322 

961506 

0.0055 

642 

1.4S2E-5 

12.557 

11.302 

1820 

34.6^ 

1.5417 

962126 

0.0055 

610 

1 . 55SE-5 

12.807 

11.527 

1845 

35.01 

1.5512 

962718 

0.00S5 

584 

1.627E-5 

13.061 

11.755 

1870 

35.35 

1.5607 

963284 

0.0055 

561 

1.698E-5 

13.31= 

11.586 

1854 

35.69 

1.5700 

963822 

0.0055 

534 

1.770E-5 

13.584 

12.225 

1520 

36.05 

1.5797 

964361 

0.0094 

506 

1.S55E-5 

13.856 

12.470 

1547 

36.41 

1.5855 

964873 

0.0095 

487 

1.S5SE-5 

14.127 

12.714 

1572 

36.75 

1.5985 

965328 

0.0056 

468 

2.051E-5 

14.415 

12.568 

1558 

37.11 

1.6078 

965755 

0.00S5 

442 

2.148E-5 

14.653 

13.223 

2026 

37.49 

1.6176 

966204 

0.0054 

417 

2.260E-5 

14 . 586 

13.488 

2054 

37.88 

1.6275 

966630 

0.0095 

395 

2.380E-5 

15.285 

13.756 

2081 

38.24 

1.6367 

967012 

0.0055 

382 

2.503E-5 

15.552 

14.033 

2105 

38.62 

1.6461 

967375 

0.0055 

361 

2.633E-5 

15.B56 

14.306 

2136 

39.00 

1.6556 

967721 

0.0055 

342 

2.771E-5 

16.115 

14.5B8 

2165 

39.39 

1.6651 

968045 

0.0055 

327 

2.507E-5 

16.528 

14.875 
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Test  ID  S033-FCG-2  Page  3 


Bmax 

EvB/P 

a 

N 

da 

dN 

da./dl« 

Krcax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi[in]'>.5) 

2194 

39.73 

1.6744 

968369 

0.0095 

310 

3.056E-5 

16.861 

15.175 

2224 

40.20 

1.6343 

968684 

0.0095 

295 

3.224E-5 

17.193 

15.473 

2253 

40.60 

1.6938 

968973 

0.0096 

281 

3.415E-5 

17.535 

15.7B2 

2282 

41.01 

1.7031 

969233 

0.0096 

264 

3.644E-5 

17.882 

16.094 

2313 

41.42 

1.7126 

969491 

0.0095 

247 

3.879E-5 

18.236 

16.413 

2344 

41.86 

1.7225 

969737 

0.0096 

233 

4.129E-5 

18.600 

16.740 

2375 

42.29 

1.7320 

969952 

0.0096 

222 

4.358E-5 

18 . 8_: 

17.073 

2405 

42.71 

1.7413 

970163 

0.0096 

210 

4.596E-5 

19.354 

17.419 

2438 

43.17 

1.7513 

970373 

0.0096 

198 

4.842E-5 

19.734 

17.761 

2470 

43.62 

1.7609 

970565 

0.0096 

188 

5.0S4E-5 

20.132 

18.119 

2502 

44.07 

1.7704 

970748 

0.0095 

178 

5.352E-5 

20.530 

18.478 

2535 

44.53 

1.7800 

970922 

0.0095 

167 

5.674E-5 

20.934 

18.841 

2568 

44.93 

1.7894 

971082 

0.0095 

157 

6.045E-5 

1_ . 336 

19.203 

2599 

45.43 

1.7984 

971232 

0.0095 

148 

6.461E-5 

21.758 

19.583 

2633 

45.91 

1.8080 

971374 

0.0095 

138 

6.909E-5 

22.180 

19.962 

2667 

46.40 

1.8178 

971509 

0.0095 

129 

7.409E-5 

22.623 

20.361 

2702 

46.90 

1.8274 

971635 

0.0096 

121 

7.942E-5 

23.072 

20.765 

2736 

47.39 

1.8369 

971752 

0.0096 

114 

8.479E-5 

23.525 

21.173 

2770 

47.83 

1.8463 

971858 

0.0189 

207 

9.112E-5 

23.983 

3? : 

2306 

43.39 

1.8558 

971959 

0.0190 

197 

9.659E-5 

24.454 

22.009 

43.91 

1.8653 

972055 

49.47 

1.8756 

972161 

2300 

49.96 

1.8845 

972258 

0.0187 

197 

S.SOOE-5 

24.922 

22.430 

2300 

50.51 

1.8943 

972358 

0.0194 

201 

9.659E-5 

25.092 

22 .582 

2800 

51.06 

1.9039 

972459 

0.0192 

197 

9.723E-5 

ii:-; 

22.743 

2300 

51.62 

1.9134 

972555 

0.0096 

95 

1.009E-4 

25.447 

22.902 

2800 

52.16 

1.9228 

972647 

0.0096 

93 

1.035E-4 

25.629 

23.066 

2800 

52.75 

1.9326 

972738 

0.0097 

91 

1.066E-4 

25.812 

23.231 

2800 

53.34 

1.9424 

972829 

0.0097 

89 

1.096E-4 

16.3:1 

23.401 

2800 

53.94 

1.9521 

972916 

0.0097 

87 

1.117E-4 

26.192 

23.573 

2800 

54 . 55 

1.9618 

973002 

0.0097 

85 

1.137E-4 

26.386 

23.747 

2800 

55.17 

1.9717 

973086 

0.0096 

83 

1.1S9E-4 

26.576 

23.918 

2800 

55.76 

1.9808 

973166 

0.0096 

81 

1.177E-4 

26 . 775 

24.CS7 

2300 

56.40 

1.9907 

973248 

0.0096 

79 

1.207E-4 

26.968 

24.271 

2800 

57.03 

2.0003 

973327 

0.0096 

77 

1.239E-4 

27.169 

24.452 

2800 

57.67 

2.0098 

973404 

0.0097 

76 

1.276E-4 

27.374 

24.636 

2800 

53.34 

2.0197 

973477 

0.0096 

73 

1.308E-4 

27.577 

24.819 

2800 

59.00 

2.0293 

973550 

0.0097 

72 

1.347E-4 

27.788 

25.009 

2800 

59.63 

2.0390 

973620 

0.0097 

70 

1.377E-4 

27.993 

25.194 

2800 

60.33 

2.0481 

973687 

0.0096 

69 

1.398E-4 

28.214 

25.393 

2800 

61.08 

2.0584 

973758 

0.0096 

67 

1.428E-4 

18.413 

25.580 

2800 

61.77 

2.0679 

973824 

0.0097 

66 

1.470E-4 

28.647 

25.7B2 

2800 

62. 4B 

2.0774 

973889 

0.0098 

64 

1.S16E-4 

28.366 

25.978 

2800 

63.20 

2.0869 

973952 

0.0097 

62 

1.571E-4 

29.097 

26.1B7 

2800 

64.0 : 

2.0973 

974014 

0.0097 

60 

1.636E-4 

29.321 

26.389 
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Test 

ID  5083 

-PIG-2 

Page  4 

2max 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(kst  [in)  '".5) 

2800 

€4.74 

2.1067 

874071 

0.0098 

58 

1.6S7E-4 

28.562 

26.605 

2800 

€5.51 

2.1165 

874127 

0.0097 

55 

1.762E-4 

28.786 

26.816 

2800 

€€.31 

2.1263 

874182 

0.0096 

53 

1.825E-4 

30.034 

27.030 

2800 

€7.10 

2.1360 

874234 

0.0097 

51 

1.838E-4 

30.273 

27.245 

2800 

€7.87 

2.1452 

874281 

0.0097 

50 

1.947E-4 

30  .516 

27.463 

2800 

€8. €3 

2.1543 

874328 

0.0097 

48 

2.024E-4 

3  0  . 

27.685 

2800 

€5.54 

2.1648 

874378 

0.0097 

46 

2.111E-4 

31.014 

27.812 

2800 

70.40 

2.1746 

874425 

0.00SB 

45 

2.1S7E-4 

31.274 

28.146 

2800 

71. 2B 

2.1845 

874467 

0.0098 

43 

2.287E-4 

31.536 

28.382 

2800 

72.15 

2.1843 

874508 

0.0088 

41 

2.3S3E-4 

31 . 802 

28.621 

2800 

73.07 

2.2041 

874545 

0.009B 

39 

2.476E-4 

32.068 

23.861 

2800 

73.  S€ 

2.2136 

874587 

0.008B 

38 

2.575E-4 

32.341 

29.106 

2800 

74.88 

2.2234 

874625 

0.0098 

36 

2.638E-4 

32.617 

28.355 

2800 

75. 85 

2.2334 

874661 

0.0097 

35 

2 -7S8E-4 

32 . SCI 

28.611 

2800 

75.85 

2.2435 

874685 

0.0098 

34 

2.90SE-4 

33.185 

28.866 

2800 

77.80 

2.2528 

874727 

0.009B 

32 

3.046E-4 

33.470 

30.122 

2800 

78.74 

2.2621 

874757 

0.009B 

31 

3.1S2E-4 

33.764 

30.387 

2800 

78.80 

2.2723 

874788 

0.0097 

29 

3.364E-4 

34.386 

30.649 

2800 

80.85 

2.2823 

874817 

0.009B 

28 

3.57SE-4 

34.364 

30.826 

2800 

81.51 

2.2821 

874844 

0.0088 

26 

3.843E-4 

34.675 

31.206 

2800 

82.88 

2.3018 

874865 

0.0096 

24 

4.105E-4 

34.987 

31.487 

2800 

84.08 

2.3118 

874882 

0.0098 

23 

4.371E-4 

35.3C6 

31.773 

2800 

85.20 

2.3216 

874813 

0.0098 

21 

4.650E-4 

35.621 

32.056 

2800 

86. 2B 

2.3308 

874533 

0.009B 

20 

4.871E-4 

35.854 

32.356 

2800 

87.48 

2.3411 

874553 

0.009B 

IS 

5.112E-4 

36.287 

32.656 

2800 

88.72 

2.3514 

874872 

0.0098 

18 

5.382E-4 

36.621 

32.856 

2800 

88.85 

2.3607 

874580 

0.009B 

17 

5.723E-4 

36.877 

33.276 

2800 

81.11 

2.3707 

875007 

0.009B 

16 

6.044E-4 

37 . 312 

33.577 

2800 

82.33 

2.3803 

875022 

0.0097 

16 

6.33SE-4 

37.666 

33.896 

2788 

83.57 

2.3885 

875036 

0.009B 

15 

6.73CE-4 

38.026 

34.218 

2785 

84.88 

2.3885 

875051 

0.009B 

14 

7.110E-4 

38.384 

34.540 

2788 

86.20 

2.4086 

875065 

0.009B 

13 

7.43SE-4 

38.763 

34.880  * 

2785 

87.57 

2.4186 

875077 

0.0098 

13 

7.860E-4 

39.135 

35.215  * 

2758 

88.82 

2.4282 

875088 

0.0098 

12 

8.373E-4 

38.526 

35.566  * 

2788 

100.37 

2.4384 

875101 

0.0103 

11 

S.104E-4 

39.917 

35.818  * 

2788 

101.81 

2.4483 

875112 

0.0104 

11 

S.9S4E-4 

40.322 

36.280  * 

2785 

103.31 

2.4584 

875122 

0.0101 

10 

1.082E-3 

40.748 

36.656  * 

2755 

105.08 

2.4713 

875132 

0.0103 

9 

1.177E-3 

41.181 

37.057  * 

2787 

ioe.ee 

2.4818 

875140 

0.0103 

8 

1.256E-3 

41.583 

37.412  * 

2787 

107.88 

2.4885 

875147 

0.0103 

8 

1.336E-3 

42.088 

37.860  * 

2788 

108.66 

2.5013 

875155 

0.0101 

7 

1.443E-3 

42.494 

38.226  * 

2788 

111.26 

2.5113 

875162 

0.0101 

7 

1.5S1E-3 

42.968 

38.645  * 

2786 

112.86 

2.5212 

875168 

0.0105 

€ 

1.6S2E-3 

43.454 

39.081  * 

2787 

114.66 

2.5320 

875174 

0.0104 

€ 

1.810E-3 

43.821 

39.488  * 

2787 

116.46 

2.5427 

875178 

0.0104 

6 

1.8S1E-3 

44.428 

39.851  * 

Test. 

ID  5083- 

■FCG-2 

Page  5 

Bitax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

<ksi[in)~.S) 

2787 

118.25 

2.5530 

875185 

0.0104 

5 

1.9S1E-3 

44.940 

40.407  * 

2785 

120.18 

2.5638 

875180 

0.0104 

5 

2.122E-3 

45.41! 

40.832  * 

2783 

121.85 

2.5735 

875185 

0.0104 

5 

2.3S8E-3 

45.910 

41.256  * 

2780 

123 . 80 

2.5835 

97S1SS 

0.0107 

4 

2.766E-3 

46.433 

41.721  * 

2782 

125.86 

2.5843 

975203 

0.0107 

4 

3.134E-3 

46.B87 

42.101  * 

2783 

127.88 

2.6053 

975206 

0.0107 

3 

3.S10E-3 

47.418 

42.547  * 

2772 

130.38 

2.6173 

875209 

0.0226 

6 

3.767E-3 

47.B54 

42.888  * 

2753 

132.56 

2.6278 

975212 

0.0201 

5 

4.023E-3 

48.314 

43.261  * 

134.56 

2.6374 

875214 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 


Test  ID 

5083-FCG-3 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5083-K321 

Yield  (ksi) 

34.3 

Temperature 

(F)  75 

Modulus  (Msi) 

10.5 

Environment 

Sea  Water 

Specimen 

Dimensions  (in) 

Thickness 

0.498 

Height 

2.400 

Net  Thicknes  s  0.498 

Notch  Depth 

1.000 

Width 

4.001 

Gage  length 

0.500 

Frecrack 

Parameters 

Fmax  ( lbs ) 

783.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kmax  (ksi  scr[in]) 

4.00 

Test  Parameters 

EvBF 

Freq  Fmax  R 

Ai  Kmaxi 

C 

DKi 

33.806 

5.00  0  0.10 

1.200  2.40 

2.00 

0.00 

33.806 

5.00  0  0.10 

1.531  9.01 

2.00 

0.00 

62.078 

5.00  2300  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-S.6 

1214.88 

- 

-2143.57 

Visual  Observations 

EvB/P  Crack (EvB/P)  Crack (visual)  Error 

CAF 

20.705 

1.012  1.000 

-0.012 

1.020 

21.841 

1.068  1.060 

-0.008 

1.016 

23.61S 

1.150  1.160 

0.010 

1.009 

24.S36 

1.190  1.190 

0.000 

1.006 

24.722 

1.197  1.200 

0.003 

1.006 

25.856 

1.244  1.250 

0.006 

1.002 

29.095 

1.363  1.370 

0.007 

0.993 

33.824 

1.512  1.510 

-0.002 

0.982 

47.605 

1.831  1.B30 

-0.001 

0.959 

58.004 

2.003  2.000 

-0.003 

0.947 

Comments 

Date  of  test 

8/21/2006 

Waveform  Type  Sine 
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Test  ID  S0B3-FCG-3  Cage  1 


Pntax 

EvB/P 

a 

N 

da 

dN 

da/dX 

Rrrax 

deltaK 

(lb) 

(in) 

(in) 

(in/cvc) 

(ksi [in] “.5) 

24.73 

1.1575 

1532 

417 

24.77 

1.1556 

27582 

0.0057 

85243 

6.65SE-8 

2.355 

2.124 

423 

24.5^ 

1.2035 

87175 

0.0085 

123618 

6.501E-8 

2.392 

2.153 

430 

24.58 

1.2081 

151200 

0.0040 

51273 

7.SS8E-B 

2.436 

2.192 

437 

25.09 

1.2127 

207030 

: .  DC 45 

54630 

8.420E-8 

2.485 

2.237 

445 

25.21 

1.2175 

258821 

0.0047 

51470 

9.16SE-B 

2.535 

2.281 

452 

25.32 

1.2221 

305570 

0.0046 

47230 

9.S28E-8 

2.586 

2.327 

460 

25.44 

1.2268 

355363 

0.0046 

43823 

1.06SE-7 

2.638 

2.374 

465 

25.55 

1.2315 

3SS5S7 

:  .  :■  C  4  6 

40644 

1.155E-7 

2.690 

2.421 

475 

25.67 

1.2360 

434575 

0.0046 

37438 

1.248E-7 

2.743 

2.465 

483 

25.78 

1.2405 

465966 

0.0047 

34855 

1.347E-7 

2.797 

2.517 

4S1 

25.50 

1.2452 

502687 

0.0047 

32526 

1.452E-7 

2 . 852 

2.567 

500 

26.02 

1.2458 

534196 

0.0047 

30338 

1.561E-7 

2.912 

2.620 

505 

26.14 

1.2548 

564453 

0.0047 

28278 

1.664E-7 

2.970 

2.673 

517 

2  6.26 

1.2556 

551155 

:  .  3  C  4  6 

26375 

1.775E-7 

3.031 

2.728 

526 

26.38 

1.2641 

616605 

0.0047 

24682 

1.856E-7 

3.090 

2.781 

534 

26.50 

1.2685 

635631 

0.0046 

22864 

2.01SE-7 

3.152 

2.837 

544 

26.62 

1.2731 

660960 

0.0046 

21451 

2.154E-7 

3.213 

2.892 

553 

26.74 

1.2778 

682285 

:  .  J  C  4  € 

1SSS6 

2.317E-7 

3.278 

2.550 

562 

26.86 

1.2624 

701675 

0.0047 

18614 

2.S1SE-7 

3.344 

3.010 

572 

26.28 

1.2872 

720100 

0.0046 

17256 

2 .744E-7 

3.411 

3.070 

582 

27.11 

1.2917 

736580 

0.0046 

15666 

3.013E-7 

3.480 

3.132 

552 

27.24 

1.2965 

751313 

:  .  D  C  4  6 

14358 

3.256E-7 

3.545 

3.154 

602 

27.36 

1.3010 

764456 

0.0046 

13108 

3.S77E-7 

3.619 

3.257 

611 

27.48 

1.3054 

776283 

0.0046 

12016 

3.862E-7 

3.651 

3.322 

622 

27.60 

1.3101 

787825 

0.0046 

11133 

4.144E-7 

3.763 

3.3B7 

632 

27.73 

1.3147 

758747 

:  .  3  C  4  6 

10342 

4.473E-7 

3.B3S 

3.455 

643 

27.86 

1.3154 

808675 

0.0046 

9702 

4.790E-7 

3.915 

3.524 

654 

27.55 

1.3240 

818108 

C  .  3C  46 

5037 

5.161E-7 

3.954 

3.594 

665 

2B.12 

1.3286 

826545 

0.0046 

8342 

5.S71E-7 

4.071 

3.664 

676 

28.24 

1.3330 

834457 

C  .  3  C  4  6 

7746 

6.031E-7 

4.154 

3.738 

687 

2B.37 

1.3378 

842046 

0.0046 

7127 

6.S7SE-7 

4.235 

3.812 

655 

28.50 

1.3424 

848758 

:  .  3  C  4  6 

6567 

7.198E-7 

4.321 

3.8BS 

711 

2B.64 

1.3471 

855150 

0.0047 

6004 

7.S53E-7 

4.407 

3.567 

723 

28.77 

1.3518 

860867 

0.0093 

10758 

8.655E-7 

4.457 

4.047 

736 

2B.S1 

1.3564 

365548 

0.0093 

5654 

5.630E-7 

4.586 

4.128 

748 

25.04 

1.3611 

870521 

( . 3461 

73444 

6.278E-7 

0.000 

0.000 

865 

30.27 

1.4025 

535352 

0.0461 

71574 

6.442E-7 

0.000 

0.000 

884 

30.41 

1.4072 

942055 

C  .  3CS2 

5243 

1.75SE-6 

5.655 

5.126 

855 

30.55 

1.4118 

544635 

0.0056 

4553 

1.S2SE-6 

5.813 

5.232 

515 

3  0.71 

1.4167 

947048 

0.0097 

4471 

2.177E-6 

5.930 

5.337 

531 

30.86 

1.4215 

545106 

0.0047 

2012 

2.411E-6 

6.051 

5.446 

547 

31.00 

1.4260 

550915 

0.0045 

1855 

2.440E-6 

6.174 

5.557 

563 

31.15 

1.4307 

552622 

C , 3C4S 

1772 

2.636E-6 

6.256 

5.666 

DRDC  Atlantic  CR  2007-019 
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Test  ID  S0B3-FCG-3 


Page 


Pmax 

ZvB/P 

a 

N 

da 

dN 

da/dH 

Kutax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi tin] “.5) 

975 

31.25 

1.4354 

954167 

0.0046 

1633 

2.780E-6 

6.407 

5.766 

592 

31.40 

1.4387 

556007 

0.0047 

1548 

2.552E-6 

6.553 

5.502 

1014 

31.61 

1.4453 

557682 

0.0046 

1448 

3.255E-6 

6.664 

5.597 

1025 

31.73 

1.4452 

958902 

0.0046 

1345 

3.645E-6 

6.822 

6.139 

1047 

31.89 

1.4535 

960203 

0.004B 

1186 

4.056E-6 

6.947 

6.252 

1064 

32.04 

1.4585 

961305 

0.0045 

1046 

4.S08E-6 

7.086 

6.377 

1082 

32.18 

1.4631 

962235 

0.0047 

967 

4.597E-6 

7.225 

6.503 

1100 

32.34 

1.4677 

963123 

0.0047 

862 

5.S26E-6 

7.371 

6.634 

1115 

31.45 

1.4725 

S63SS6 

0.0047 

784 

6.038E-6 

7.515 

6.767 

1138 

32.65 

1.4772 

564706 

0.0047 

725 

6.S35E-6 

7.672 

6.504 

1158 

32.81 

1.4B1S 

965374 

0.0047 

675 

6.557E-6 

7.824 

7.041 

1177 

32.56 

1.4864 

966012 

0.0047 

626 

7.472E-6 

7.983 

7. IBS 

1157 

33.12 

1.4912 

566610 

0.0046 

587 

7.S02E-6 

8.133 

7.324 

1217 

33.27 

1.4557 

967175 

0.0046 

555 

8.333E-6 

8.304 

7.473 

1238 

33.44 

1.5004 

567714 

0.0053 

1051 

8.826E-6 

8.464 

7.618 

1258 

33.59 

1.5045 

968226 

0.0091 

985 

5.23SE-6 

8.634 

7.771 

33.75 

1.5055 

968703 

33.31 

1.5111 

565068 

1255 

33.52 

1 . 5145 

565361 

0.0079 

742 

1.071E-5 

8.952 

8.057 

1304 

34.08 

1.5190 

565310 

0.0095 

847 

1.122E-5 

5.030 

8.127 

1313 

34.26 

1.5240 

970208 

0.0093 

745 

1.245E-5 

5.115 

8.204 

1321 

34.41 

1.5283 

970555 

0.0050 

443 

1.174E-5 

5.205 

8.285 

1330 

34.57 

1.5329 

970967 

0.0058 

457 

1.262E-5 

5.254 

8.364 

1335 

34.74 

1.5376 

971354 

0.0065 

554 

1.271E-5 

5.407 

8.466 

1353 

35.00 

1 . 5446 

972016 

0.0074 

622 

1.253E-5 

5.545 

8.591 

1371 

35.34 

1.5535 

972793 

0.0083 

670 

1.262E-5 

5.709 

8.738 

1385 

35.63 

1.5633 

973533 

0.0090 

707 

1.275E-5 

9.904 

8.513 

1408 

36.04 

1.5730 

974287 

0.0054 

706 

1.330E-5 

10.095 

9.0B5 

1428 

36.40 

1.5325 

974587 

0.0094 

675 

1.351E-5 

_ 

9.272 

1447 

36.76 

1.5918 

975634 

0.0094 

646 

1.456E-5 

10.504 

9.454 

1466 

37.12 

1.6010 

976253 

0.0093 

611 

1.526E-5 

10.710 

5.639 

1485 

37.48 

1.6103 

976345 

0.0053 

584 

1.S56E-5 

10.915 

9.827 

1505 

37.85 

1.6197 

977411 

0.0054 

561 

1.665E-5 

11.131 

10.018 

1525 

38.22 

1.6285 

977950 

0.0094 

541 

1.740E-5 

11.352 

10.217 

1545 

38.61 

1.6384 

978488 

0.0094 

521 

1.805E-5 

11.576 

10.418 

1566 

39.01 

1.6480 

975000 

0.0094 

501 

1.875E-5 

11.810 

10.625 

1588 

39.40 

1.6576 

975495 

0.0095 

486 

1.553E-5 

12.  345 

10.839 

1605 

39.80 

1.6665 

975968 

0.0054 

464 

2.025E-5 

12.285 

11.C57 

1630 

40.20 

1.6763 

580416 

0.0094 

445 

2.0S8E-5 

12.528 

11.275 

1652 

40.61 

1.6855 

980864 

0.0093 

428 

2.177E-5 

12.770 

11.453 

1673 

41.01 

1.6945 

581270 

0.0054 

413 

2.263E-5 

13.023 

11.721 

1655 

41.42 

1.7041 

981665 

0.0054 

355 

2.345E-5 

13.273 

11.546 

1718 

41.84 

1.7135 

582067 

0.0094 

382 

2.447E-5 

13.539 

12.185 

1741 

42.28 

1.7233 

982447 

0.0094 

365 

2.546E-5 

13.804 

12.424 

1764 

42.71 

1.7327 

582805 

0.0054 

356 

2.645E-5 

14.075 

12.671 
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Test  ID  S083-PCG-3 


Page  3 


Pmax 

EvB/P 

a 

N 

da 

dN 

da./dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi  tin]  ~  .5) 

1787 

43.15 

1.7420 

983155 

0.0055 

342 

2.761E-5 

14.354 

12.515 

1810 

43.59 

1.7513 

983483 

0.0054 

325 

2.864E-5 

14.636 

13.172 

1834 

44.04 

1.7607 

583803 

0.0094 

317 

2.576E-5 

14.926 

13.434 

1858 

44.51 

1.7704 

984115 

0.0055 

305 

3.054E-5 

15.221 

13.695 

1882 

44.97 

1.7798 

984421 

0.0095 

296 

3.213E-5 

15.525 

13.973 

1907 

45.44 

1.7853 

584705 

0.0096 

286 

3.33SE-5 

15.B29 

14.246 

1931 

45.92 

1.7987 

984583 

0.0055 

273 

3.465E-5 

16.146 

14.531 

1957 

46.42 

1.8085 

985258 

0.0055 

260 

3.654E-5 

16.465 

14.818 

1982 

46.91 

1.8181 

985518 

0.0055 

245 

3.811E-5 

16.785 

15.110 

2007 

47.39 

1.8272 

985754 

0.0055 

241 

3.545E-5 

17.125 

15.415 

2034 

47.92 

1.8371 

985580 

0.0094 

230 

4.056E-5 

17.453 

15.708 

2059 

43.40 

1.8461 

986204 

0.0094 

221 

4.256E-5 

17.802 

16.022 

2085 

48.92 

1.8556 

586427 

0.0095 

212 

4.430E-5 

12.145 

16.331 

2112 

49.45 

1.8651 

986640 

0.0054 

203 

4.635E-5 

18.506 

16.655 

2139 

49.99 

1.8748 

986841 

0.0095 

194 

4.520E-5 

18.867 

16.580 

2166 

50 . 52 

1.8841 

987024 

0.0095 

183 

5.20SE-5 

19.242 

17.317 

2193 

51.06 

1.8934 

987195 

0.0055 

173 

5.455E-5 

19.620 

17.658 

2221 

51.64 

1.9032 

987365 

0.0054 

163 

5.800E-5 

20.003 

IB. 003 

2249 

52.19 

1.9126 

987526 

0.0055 

156 

6.103E-5 

20.395 

18.355 

2276 

52.75 

1.9215 

987675 

0.0096 

148 

6.442E-5 

20.750 

IB. 710 

2304 

53.33 

1.5312 

987817 

0.0096 

138 

6.510E-5 

21.200 

19.080 

2333 

53.54 

1.5412 

987560 

0.0055 

130 

7.445E-5 

21.615 

15.453 

2363 

54 . 55 

1.9505 

988088 

0.0095 

122 

7.554E-5 

22.055 

19. 242 

2393 

55.18 

1.5608 

988158 

0.0096 

115 

8.411E-5 

22.482 

20.234 

2422 

55.76 

1.9697 

988303 

0.0096 

108 

8.535E-5 

22.928 

20.635 

2451 

56.38 

1.9752 

988408 

0.0190 

206 

9.246E-5 

23.383 

21.034 

2483 

57.02 

1.5888 

988505 

0.0198 

197 

1.003E-4 

23.342 

21.455 

57.71 

1.5985 

588605 

62.08 

2.0637 

985903 

2300 

62.51 

2.0657 

585565 

0.0161 

180 

8.543E-5 

23.567 

21.211 

2300 

63.23 

2.0798 

990083 

0.0200 

228 

8.770E-5 

23.720 

21.348 

2300 

63.56 

2.0857 

950157 

0.0203 

225 

8.8S2E-5 

23.915 

21.523 

2300 

64.73 

2.1001 

990312 

0.0103 

111 

9.251E-5 

24.114 

21.702 

2300 

65.52 

2.1106 

950422 

0.0103 

108 

9.52SE-5 

24.316 

21.885 

2300 

66.30 

2.1208 

990527 

0.0103 

104 

S.873E-5 

24.516 

22.073 

2300 

67.12 

2.1313 

950632 

0.0102 

100 

1.023E-4 

24.732 

22.258 

2300 

67.92 

2.1413 

990728 

0.0102 

57 

1.0S3E-4 

24.942 

22.448 

2300 

68.73 

2.1514 

990815 

0.0102 

55 

1.083E-4 

25.153 

22.637 

2300 

65.56 

2.161S 

990911 

0.0102 

92 

1.11SE-4 

25.367 

22.831 

2300 

70.41 

2.1717 

591003 

0.0102 

85 

1.137E-4 

25.585 

23.030 

2300 

71.31 

2.1823 

991054 

0.0102 

88 

1.16SE-4 

12.2.4 

23.232 

2300 

72.20 

2.1926 

951181 

0.0102 

85 

1.15SE-4 

26.035 

23.435 

2300 

73.06 

2.2024 

551263 

0.0102 

83 

1.228E-4 

16.171 

23.644 

2300 

73.59 

2.2128 

951344 

0.0101 

80 

1.262E-4 

26.454 

23.845 

2300 

74.53 

2.2226 

951421 

0.0101 

78 

1.256E-4 

26.732 

24.C5S 

DRDC  Atlantic  CR  2007-019  1 1  9 


Test 

ID  5033- 

-FCG-3 

Page  4 

Pmax 

EvB/P 

a 

N 

da 

dtt 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi  [in]  '*.5) 

2300 

75.81 

2.2327 

551458 

0.0102 

76 

1.333E-4 

26.563 

24.271 

2300 

76.75 

2.2431 

551574 

0.0102 

74 

1.371E-4 

27.205 

24.488 

2300 

77.75 

2.2532 

551647 

0.0103 

73 

1.412E-4 

27.461 

24.715 

2300 

73.77 

2.2636 

551720 

0.0103 

71 

1.451E-4 

27.714 

24.543 

2300 

73.82 

2.2741 

551750 

0.0102 

68 

1.4SSE-4 

27.975 

25.177 

2300 

80.86 

2.2845 

SS1SS8 

0.0103 

66 

1.555E-4 

28.232 

25.405 

2300 

81.87 

2.2543 

951921 

0.0103 

63 

1.62SE-4 

28.453 

25.648 

2300 

82.55 

2.3046 

951583 

0.0102 

60 

1.711E-4 

28.764 

25.33" 

2300 

84.07 

2.3150 

952043 

0.0102 

56 

1.81SE-4 

.  3ti 

26.137 

2300 

85.23 

2.3256 

SS20SS 

0.0103 

54 

1.S1SE-4 

25.316 

26.384 

2300 

86.32 

2.3354 

952148 

0.0103 

52 

1.985E-4 

25.603 

26.642 

2300 

87.48 

2.3457 

SS21S6 

0.0102 

50 

2.053E-4 

2S.B85 

26.896 

2300 

88.66 

2.3560 

952246 

0.0101 

48 

2.112E-4 

30.177 

27.159 

2300 

85.88 

2.3663 

SS22S6 

0.0103 

47 

2.178E-4 

30.472 

27.424 

2300 

51.05 

2.3764 

952341 

0.0104 

46 

2.26CE-4 

30. 76: 

27.690 

2300 

52.25 

2.3862 

552384 

0.0102 

43 

2.364E-4 

31.079 

27.570 

2300 

53.62 

2.3565 

952428 

0.0102 

41 

2.4S1E-4 

31.393 

: :  -13; 

2300 

55.00 

2.4078 

552470 

0.0103 

35 

2.61SE-4 

31.708 

28.536 

2300 

56.25 

2.4174 

952506 

0.0104 

38 

2.75CE-4 

32.039 

28.834 

2300 

57.60 

2.4276 

952542 

0.0102 

35 

2.S21E-4 

32.355 

29.122 

2300 

59.00 

2.4380 

552577 

0.0102 

33 

3.111E-4 

32.695 

29.424 

2300 

100.44 

2.4484 

952610 

0.0103 

32 

3.278E-4 

33.032 

2  5  .  “  1  '3 

2300 

101.85 

2.4584 

952638 

0.0102 

30 

3.413E-4 

33.385 

30.045 

2300 

103.35 

2.4685 

552667 

0.0102 

28 

3.582E-4 

33.732 

30.358 

2300 

104.84 

2.4751 

952656 

0.0103 

27 

3.758E-4 

34.090 

30.679 

2300 

106.34 

2.4851 

552723 

0.0103 

26 

4.04CE-4 

34.451 

31.004 

2300 

107.88 

2.4552 

552747 

0.0103 

24 

4.307E-4 

34  327 

31.342 

2300 

105.57 

2. 5055 

552770 

0.0103 

23 

4.5S3E-4 

35.198 

31.675 

2300 

111.17 

2.5200 

952751 

0.0102 

21 

4.833E-4 

35.55s 

32.035 

2300 

112.87 

2.5304 

552812 

0.0102 

20 

5.081E-4 

35.553 

32.391 

2300 

114.65 

2.5411 

552833 

0.0101 

15 

5.42SE-4 

36.380 

32.738 

2300 

116.24 

2.5504 

S52S50 

0.0102 

17 

5.S12E-4 

36.792 

33.105 

2300 

11B.00 

2.5605 

952867 

0.0102 

16 

6.54SE-4 

37.185 

33.462 

2300 

115.75 

2.5706 

S52S82 

0.0101 

15 

7.173E-4 

37.605 

53.335 

2300 

121.68 

2.5810 

952855 

0.0103 

14 

7.773E-4 

3  ;  4  6 

34.234 

2300 

123. 6B 

2.5517 

552508 

0.0103 

12 

8.S70E-4 

38.480 

34.624 

2300 

125.60 

2.6018 

552520 

0.0110 

11 

9.6S6E-4 

38.935 

35.036 

2255 

127.61 

2.6121 

952531 

0.0103 

10 

1.050E-3 

35.357 

35.445 

2300 

125.68 

2.6225 

552540 

0.0103 

10 

1.0SSE-3 

35.552 

35.545 

2300 

132.57 

2.6365 

552950 

0.0104 

5 

1.148E-3 

40.343 

36.297 

2300 

133.51 

2.6425 

552557 

0.0103 

5 

1.1S2E-3 

40.923 

36.819 

2300 

136.13 

2.6533 

952566 

0.0103 

8 

1.231E-3 

41.343 

37.198 

2300 

138.55 

2.6643 

952975 

0.0098 

8 

1.335E-3 

41.833 

37.637 

2255 

140.76 

2.6741 

552582 

0.0106 

7 

1.S17E-3 

42.371 

38.115 

2255 

143.17 

2.6846 

952585 

0.0097 

7 

1.S86E-3 

42.B89 

38.579 

Test 

ID  5033- 

-FCG-3 

Page  5 

Prr.ax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi  [i 

.n]  ~.S) 

22SS 

145.73 

2.6554 

SS2SS5 

0.0103 

6 

1.764E-3 

43.453 

33.33: 

2253 

148.40 

2.7064 

953000 

0.0125 

5 

2.440E-3 

43.865 

35.448 

2258 

145.67 

2.7116 

553005 

0.0101 

4 

2.800E-3 

44 . 541 

40.046 

2256 

153.30 

2.7255 

553010 

0.0403 

8 

5.033E-3 

45.401 

40.818 

2255 

160.22 

2.7518 

553013 

0.0155 

5 

3.504E-3 

45.563 

40.951 

158.47 

2.7454 

553015 
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Au-orr.at.ed  Fatigue  Crack 
Growth  Rate  Analysis 


Test  ID 

5083-FCG-45 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5083-K321 

Yield  (ksi) 

34.3 

Temperature  !F) 

75 

Modulus  (Msi) 

10.5 

Environment  Sea  Water 


Specimen  Dimensions  (in) 


Thickness 

0.499 

Height 

2.400 

Met  Thickness  0.499 

Notch  Depth 

1.000 

Width 

4.000 

Gage  length 

0.500 

Frecrack 

Parameters 

Fmax  (lbs) 

784.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kmax  (ksi  scrtin]) 

4.00 

Test  Parameters 

EvBP 

Freq  Fmax  R 

Ai  Kmaxi 

C 

DKi 

24.522 

5.00  0  0.10 

1.195  2.70 

4.00 

0.00 

32.544 

5.00  0  0.10 

1.491  8.80 

2.00 

0.00 

55.204 

5.00  2450  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

- 

-2143.57 

Visual  Observations 

EvB/P  Crack  lEvB/P)  Crack (visual)  Error 

CAF 

20.869 

1.012  1.000 

-0.012 

1.013 

21.842 

1.062  1.065 

0.003 

1.010 

23.217 

1.127  1.125 

-0.002 

1.006 

24.253 

1.174  1.170 

-0.004 

1.004 

24.439 

1.182  1.195 

0.013 

1.003 

28.306 

1.335  1.350 

0.015 

0.995 

32.493 

1.475  1.480 

0.005 

0.9B7 

34.530 

1.535  1.530 

-0.005 

0.9B4 

36.488 

1.589  1.580 

-0.009 

0.932 

46.151 

1.812  1.805 

-0.007 

0.970 

54.785 

1.965  1.955 

-0.010 

0.962 

72.549 

2.199  2.210 

0.011 

0.951 

Comments 

Date  of  test 

9/10/2006 

Waveform  Type  Sine 
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Test  ID  5083-FCG-45 


?max 

EvB/P 

a 

H 

da 

(lb) 

(in) 

(in) 

24.52 

1.1852 

52230 

448 

24.60 

1.1888 

140390 

0.0079 

456 

14.71 

1.1532 

210285 

0.0078 

4£1 

24.75 

1.1966 

252218 

0.0040 

487 

14.53 

1.2012 

372041 

0.0043 

4S3 

24.58 

1.2047 

425566 

0.0044 

501 

25.08 

1.2090 

455674 

C . DC  44 

510 

25.21 

1.2143 

545760 

0.0045 

515 

25.33 

1.2194 

556350 

0.0048 

52€ 

25.42 

1.2230 

6S2065 

0.0049 

536 

25.55 

1.2284 

654335 

0.0048 

545 

25.68 

1.2336 

726571 

0.0047 

555 

25.75 

1.2384 

746204 

:  .  3  C  4  5 

564 

25.51 

1.2425 

764234 

0.0048 

573 

26.02 

1.2476 

782068 

C  .  0  C  4  7 

583 

26.14 

1.2523 

757577 

0.0047 

553 

26.26 

1.2570 

813862 

: .  3  c  4  7 

€03 

26.38 

1.2617 

832474 

0.0047 

613 

26.45 

1.2664 

952328 

C  .  3  l  4  - 

€24 

26.62 

1.2712 

871405 

0.004B 

€34 

26.74 

1.2760 

888464 

:  .  3  C  4  3 

€45 

26.86 

1.2807 

904747 

0.0048 

657 

27.00 

1.2855 

915480 

:  .  3  C  4  7 

6€3 

27.11 

1.2903 

532043 

C  .  3  C  4  3 

675 

27.24 

1.2950 

541558 

0.0048 

€50 

27.35 

1.2955 

950338 

0.0047 

702 

27.45 

1. 3346 

955080 

:  .  3  C  4  7 

714 

27.61 

1.3093 

566630 

0.0047 

726 

27.74 

1.3141 

973381 

C  .  3 1 4  3 

738 

27.86 

1.3185 

975415 

0.0047 

751 

27.55 

1.3234 

985065 

: . 3C3S 

764 

2B.13 

1.3284 

950404 

0.0057 

777 

28.26 

1.3331 

954723 

0.0654 

S€5 

29.55 

1.3538 

1030200 

0 .0653 

581 

30.12 

1.3984 

1031788 

0.0096 

558 

30.27 

1.4034 

1033271 

0.0097 

1015 

30.41 

1.4081 

1034551 

0.0096 

1032 

30.56 

1.4125 

1035746 

0.0048 

1045 

30.70 

1.4177 

1036851 

:  .  3  C  4  3 

1067 

30.85 

1.4225 

1037537 

0.0047 

1085 

31.00 

1.4273 

1038883 

0.0047 

1103 

31.14 

1.4315 

1039733 

0.0047 

1121 

31.28 

1.4365 

1040536 

: .  3  C  4  3 

1141 

31.43 

1.4414 

1041298 

0.0048 

122 


Page  1 


dN 

da./dX 

Kmax  deltaK 

(in/ eye) 

(ksi[in]A.S) 

158055 

5.015E-3 

2.513 

2.262 

.3.::; 

5.15SE-8 

2.550 

2.295 

74574 

5.363E-3 

2.645 

2.384 

67562 

6.1S8E-S 

2.689 

2.420 

£4350 

7.006E-S 

2.750 

2.511 

8  5575 

7.804E-S 

2.B42 

2.558 

53716 

8.S44E-8 

2.855 

2.609 

50101 

S.771E-S 

2.953 

2.658 

41088 

1.205E-7 

3.019 

2.717 

36412 

1.578E-7 

3.073 

2.766 

30946 

2.041E-7 

3.140 

2.826 

24251 

2.327E-7 

3.203 

2.832 

15921 

2.S38E-7 

3.268 

2.541 

17651 

2.683E-7 

3.332 

2.598 

17687 

2.705E-7 

3.355 

3.055 

17362 

2.701E-7 

3.466 

3.120 

17733 

2.645E-7 

3.537 

3.183 

17  362 

2.555E-7 

3.607 

3.247 

17603 

2.711E-7 

3.675 

3.311 

16555 

2.520E-7 

3.754 

3.378 

14B78 

3.2S7E-7 

3.831 

3.448 

13156 

3.7S3E-7 

3.906 

3.516 

11765 

4.36SE-7 

3.987 

3.538 

-35-4 

4 . 5O0E-7 

4.064 

3.658 

8984 

5.46SE-7 

4.148 

3.733 

7955 

6.074E-7 

4.225 

3.806 

7245 

6.672E-7 

4.317 

3.886 

6678 

7.367E-7 

4.400 

3.560 

5541 

8.173E-7 

4.491 

4.042 

10985 

9.020E-7 

4.580 

4.122 

5654 

1.004E-6 

4.673 

4.205 

35756 

1.643E-6 

0.000 

0.000 

37065 

1.762E-6 

0.000 

0.000 

3  371 

3.115E-6 

6.281 

5.653 

2763 

3.526E-6 

6.404 

5.764 

2475 

3.864E-6 

6 . 535 

5.881 

1183 

4.122E-6 

6.665 

5.595 

1077 

4.458E-6 

6.800 

6.120 

958 

4.806E-6 

6.936 

6.243 

925 

5.201E-6 

7.074 

6.366 

354 

5.608E-6 

7.214 

6.492 

797 

6.010E-6 

7.358 

6.622 

751 

6.355E-6 

7.504 

6.754 
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Test  ID  S0B3-FCG-45  Page  2 


Pmax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kinax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi  tin]  5) 

1160 

31.58 

1.4461 

1042012 

0.0048 

711 

6.782E-6 

7.653 

6.892 

1181 

31.73 

1.4510 

1042716 

C  .  0  C  4  8 

667 

7.1S8E-6 

7.816 

7.034 

1201 

31.85 

1.4560 

1043388 

0.0048 

625 

7.655E-6 

7.974 

7.177 

1221 

52.04 

1.4607 

1043557 

0.0048 

551 

8.173E-6 

8.135 

7.322 

1242 

32.19 

1.4653 

1044535 

0.0092 

1050 

8.788E-6 

8.295 

7.465 

1262 

32.34 

1.4655 

1045047 

0.0055 

1016 

S.35SE-6 

8.462 

7.616 

32.50 

1.4748 

1045555 

36.74 

1.5955 

1054252 

1551 

37.05 

1.6053 

1054821 

0.0151 

1138 

1.676E-5 

11.357 

10.222 

1572 

37.47 

1.6150 

1055350 

0.0153 

1120 

1.723E-5 

11.581 

10.423 

1553 

37.84 

1.6246 

1055541 

0.0152 

1078 

1.784E-5 

11.811 

10.630 

1614 

38.22 

1.6342 

1056468 

0.0056 

511 

1.886E-5 

12.047 

10.842 

1636 

38.61 

1. 644C 

1056572 

0.0097 

451 

1.S74E-5 

12.286 

11.058 

1658 

55.03 

1.6536 

1057440 

0.0097 

470 

2.066E-5 

12.531 

11.278 

1680 

35.35 

1.6632 

1057887 

0.0096 

447 

2.154E-5 

12.783 

11.505 

1702 

35.79 

1.6725 

1058334 

0.0096 

426 

2.247E-5 

13.040 

11.736 

1726 

40.21 

1.6828 

1058761 

0.0096 

410 

2.338E-5 

13.256 

11.567 

1748 

40.60 

1.6920 

1055147 

0.0096 

355 

2.431E-5 

13.564 

12.208 

1771 

41.01 

1.7015 

1055525 

0.0056 

377 

2.S36E-5 

13.825 

12.446 

1755 

41.43 

1.7112 

1055855 

0.0095 

360 

2.644E-5 

14.105 

12.655 

1818 

41.85 

1.7208 

1060257 

0.0096 

348 

2.751E-5 

14.387 

12.548 

1842 

42.29 

1.7305 

1060598 

0.0056 

334 

2.86IE-5 

14.673 

13.205 

1867 

42.72 

1.7400 

1060923 

0.0096 

321 

2.S78E-5 

14 . 962 

13.466 

1851 

43.15 

1.7455 

1061233 

0.0095 

308 

3.0S2E-5 

15.257 

13.731 

1515 

43.59 

1.7585 

1061531 

0.0095 

295 

3.213E-5 

15.553 

14.002 

1541 

44.04 

1.7686 

1061824 

0.0095 

284 

3.351E-5 

15.863 

14.277 

1565 

44.45 

1.7780 

1062103 

0.0096 

274 

3.4S3E-5 

16.178 

14.560 

1551 

44.96 

1.7876 

1062370 

0.0097 

263 

3.667E-5 

16.455 

14.846 

2017 

45.43 

1.7972 

1062624 

0.0056 

250 

3.S45E-5 

16.825 

15.142 

2043 

45.52 

1.8070 

1062878 

0.0097 

235 

4.048E-5 

17.163 

15.447 

2070 

46.42 

1.8170 

1063105 

0.0097 

228 

4.247E-5 

17.501 

15.751 

2056 

46.38 

1. 5262 

1063323 

0.0057 

218 

4.451E-5 

17.855 

1 6 .  C  7  0 

2123 

47.39 

1.8360 

1063536 

0.0096 

205 

4.688E-5 

18.205 

16.385 

2151 

47.90 

1.8457 

1063735 

0.0096 

155 

4.523E-5 

18.571 

16.713 

2175 

48.42 

1.8554 

1063533 

0.0097 

187 

S.189E-5 

18.936 

17.042 

2206 

48.52 

1.8648 

1064105 

0.0097 

178 

5 . 45IE-5 

15.312 

17.380 

2234 

49.44 

1.8743 

1064276 

0.0097 

168 

5.746E-5 

19.697 

17.727 

2263 

50.0  3 

1. 1 344 

1064447 

0.0097 

155 

6.082E-5 

20.085 

IB. 076 

2252 

50.54 

1.8940 

1064601 

0.0057 

151 

6.422E-5 

20.492 

18.442 

2321 

51.09 

1.5336 

1064747 

0.0096 

143 

6.7S4E-5 

: ; . ;  s  5 

18.809 

2350 

51.65 

1.5134 

1064886 

0.0096 

134 

7.1S2E-5 

21.307 

19.176 

2375 

52 .23 

1.9223 

1065011 

0.0056 

127 

7.5S2E-5 

21.727 

19.554 

2408 

52.76 

1.5322 

1065132 

0.0096 

115 

8.071E-5 

22.150 

19.535 

2438 

53.34 

1.5415 

1065250 

0.0155 

230 

8.487E-5 

::.55c 

20.327 

2465 

53.54 

1.5517 

1065362 

0.0156 

212 

S.237E-5 

23.035 

20.731 
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Test 

ID  5083- 

-FCG-4S 

Page  3 

Pir.ax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kntax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi  (in]  '*.5) 

54 . 55 

1.5615 

1065462 

55.20 

1.5715 

1065576 

2450 

55.75 

1.9804 

1065678 

0.0181 

212 

8.S38E-5 

23.373 

21.036 

2450 

56.37 

1.9900 

1065788 

0.0155 

220 

8.858E-5 

23.537 

21.133 

2450 

57.02 

1.5955 

1065898 

0.0156 

216 

9.05SE-5 

23.712 

21.341 

2450 

57.66 

2.0056 

1066004 

0.0097 

104 

S.258E-5 

23.BS1 

21.502 

2450 

58.32 

2.0192 

1066105 

0.0098 

102 

S.455E-5 

24.071 

21.664 

2450 

58.58 

2.0285 

1066207 

0.0098 

100 

S.728E-5 

24.253 

21.827 

2450 

55.65 

2.0385 

1066304 

0.0098 

98 

9.S24E-5 

24.440 

21.596 

2450 

60.36 

2.0486 

1066402 

0.0058 

56 

1.011E-4 

24.625 

22.166 

2450 

61.08 

2.0585 

1066500 

0.0058 

54 

1.034E-4 

24.822 

22.335 

2450 

61.75 

2.0681 

1066553 

0.0098 

52 

1.05SE-4 

25.015 

22.514 

2450 

62 .50 

2.0778 

1066683 

0.0097 

90 

1.07SE-4 

25.212 

2  2 . 6  52 

2450 

63.25 

2.0877 

1066772 

0.0097 

87 

1.107E-4 

25.42: 

22.867 

2450 

63.55 

2.0973 

1066858 

0.0097 

85 

1.137E-4 

25.610 

23.049 

2450 

64.74 

2 .1070 

1066543 

0.0097 

83 

1.16SE-4 

25 . 912 

23.230 

2450 

65.51 

2.1167 

1067024 

0.0097 

81 

1.1S7E-4 

24. 315 

23.416 

2450 

66.25 

2.1265 

1067104 

0.0098 

75 

1.238E-4 

26 .225 

23.602 

2450 

67.08 

2.1361 

1067182 

0.0097 

76 

1.281E-4 

26.433 

23.794 

2450 

67.85 

2.1455 

1067256 

0.0097 

73 

1.322E-4 

26.656 

23.590 

2450 

68.75 

2.1561 

1067331 

0.0097 

71 

1.366E-4 

26.872 

24.1B4 

2450 

65.56 

2.1655 

1067358 

0.0098 

65 

1.411E-4 

27.094 

24.384 

2450 

70.38 

2.1745 

1067464 

0.0091 

63 

1.456E-4 

27.315 

24.583 

2450 

71.25 

2.1847 

1067531 

0.0077 

52 

1.517E-4 

27.542 

24.737 

2450 

72.16 

2.1948 

1067556 

0.0064 

42 

1.433E-4 

27.623 

24.765 

2432 

72.65 

2.2007 

1067632 

0.0052 

33 

1.401E-4 

27.B47 

25.045 

2447 

72.82 

2.2021 

1067640 

0.0034 

20 

1.711E-4 

27.B59 

24.571 

2450 

72.55 

2.2041 

1067652 

0.0040 

24 

1.647E-4 

27.983 

25.168 

2450 

73.17 

2.2061 

1067664 

0.1146 

SOS 

2.252E-4 

0.000 

0.000 

2450 

84.23 

2.3187 

1068161 

0.1216 

527 

2.308E-4 

2  .  3  :  3 

0.000 

2450 

85.21 

2.3277 

1068151 

0.0190 

63 

3.015E-4 

31.301 

28.170 

2450 

86.33 

2.3377 

1068224 

0.0200 

66 

3.035E-4 

31.578 

28.419 

2450 

87.46 

2.3477 

1068257 

0.0202 

64 

3.15SE-4 

31.880 

28.692 

2450 

88.64 

2.3575 

1068288 

0.0102 

32 

3.212E-4 

32.195 

28.975 

2450 

85.51 

2.3687 

1068321 

0.0102 

31 

3.31SE-4 

32.510 

29.258 

2450 

51.13 

2.3788 

1068352 

0.0102 

25 

3.460E-4 

32.B34 

29.549 

2450 

52.34 

2.3887 

1068380 

0.0102 

28 

3.601E-4 

33.155 

29.838 

2450 

53.58 

2.3587 

1068407 

0.0101 

27 

3.769E-4 

33.479 

30.129 

2450 

54.87 

2.4088 

1068432 

0.0102 

26 

3.S33E-4 

33.815 

30.431 

2450 

56.21 

2.4151 

1068458 

0.0103 

25 

4.114E-4 

34.255 

30.740 

2450 

57.55 

2.4255 

1068483 

0.0103 

24 

4.328E-4 

34.511 

31.057 

2450 

58.58 

2.4358 

1068507 

0.0104 

23 

4 . 614E-4 

34.876 

31.385 

2450 

100.44 

2.4503 

1068525 

0.0103 

22 

4.854E-4 

35.240 

31.712 

2450 

101.88 

2.4606 

1068549 

0.0103 

21 

5.071E-4 

35.622 

32.055 

2445 

103.43 

2.4713 

1068568 

0.0104 

15 

5.334E-4 

35.986 

32.383 
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Test  ID  S0S3-FCG-4S  Fage  4 


?max 

(lb) 

EvB/P 

a 

(in) 

N 

da 

(in) 

dN 

da/dN 

(in/cyc) 

Kitax  deliaK 

(ksi [in] ~.S) 

2450 

104.83 

2.4808 

1068587 

0.0102 

18 

5.626E-4 

36.381 

32.737 

2445 

106.40 

2.4514 

1068606 

0.0102 

17 

5.SSSE-4 

36.767 

33.084 

2445 

.  '  r 

2.5021 

1068623 

0.0101 

16 

6.4S5E-4 

37.156 

33.433 

2445 

105.57 

2.5118 

1068637 

0.0102 

15 

6.S34E-4 

37.564 

33.795 

2445 

111.16 

2.5217 

1068651 

0.0103 

14 

7.435E-4 

37.966 

34.160 

2445 

112.86 

2.5321 

1068664 

0.0101 

13 

7.S6SE-4 

38.375 

34.527 

2445 

114 . 54 

2.5422 

1068677 

0.0102 

12 

8.574E-4 

38.B05 

34.324 

2448 

116.36 

2.5525 

1068685 

0.0103 

11 

S.1S4E-4 

39.234 

35.255 

2448 

118.10 

2.5628 

1068655 

0.0105 

11 

5.75SE-4 

35.681 

35.693 

2448 

115.52 

2.5730 

1068705 

0.0102 

10 

1.028E-3 

40.130 

36.096 

2448 

121.83 

2.5835 

1068715 

0.0102 

5 

1.036E-3 

40.553 

36.501 

2445 

123.98 

2.5950 

1068725 

0.0103 

5 

1.16SE-3 

41.037 

36.505 

2446 

125.61 

2.6035 

1068737 

0.0103 

8 

1.254E-3 

41.533 

37.342 

2447 

127.69 

2.6141 

1068745 

0.0102 

8 

1.331E-3 

41.993 

22.753 

2446 

12  5.8  3 

2.6247 

1068752 

0.0101 

7 

1.450E-3 

.2.3-4 

3B.220 

2446 

131.94 

2.6351 

1068755 

0.0104 

7 

1.608E-3 

42.992 

38.638 

2444 

134.01 

2.6450 

1068766 

0.0103 

6 

1.765E-3 

43.511 

39.096 

2443 

136.26 

2.6555 

1068771 

0.0104 

6 

1.S44E-3 

44.021 

39.546 

2443 

138.60 

2.6661 

1068776 

0.0106 

5 

2.272E-3 

44.531 

39.586 

2441 

140.87 

2. 6761 

1068781 

0.0107 

4 

2.66SE-3 

43.424 

2434 

143.35 

2.6868 

1068785 

0.0105 

4 

3.13SE-3 

45.532 

4  3.3  22 

2425 

146.13 

2.6985 

1068788 

0.0222 

6 

3.655E-3 

46.002 

41.185 

2415 

148.68 

151.06 

2.7090 

2.7185 

1068751 

1068753 

0.0200 

5 

3.SS4E-3 

46.355 

41.471 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 


Test  ID 

5083-FCG-4pt5 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5083-K321 

Yield  (ksi) 

34.3 

Temperature  IF) 

75 

Modulus  (Msi) 

10.5 

Environment  Sea  Water 

Specimen  Dimensions  (in) 

Thickness 

0.499 

Height 

2.400 

Met  Thickness 

0.499 

Notch  Depth 

1.000 

Wrdth 

4.000 

Gage  Length 

0.500 

Precrack  Parameters 

Pmax  (lbs) 

784.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kmax  (ksi  scr[in]) 

4.00 

Test  Parameters 

EvBF  Freq 

Pmax  R 

Ai  Kmaxi 

C 

DKi 

24 . 520  O.SO 

0  0.10 

1.195  2.70 

4.00 

0.00 

32 . 540  0.50 

0  0.10 

1.491  8.80 

2.  CO 

0.00 

55.204  0.50 

2450  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.  8S6 

1.00098 

4.64 

■4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

-2143.57 

Visual  Observations 

EvB/F  Crack (EvB/P)  Crack (visual)  Error 

CAF 

20.869  1.012 

1.000 

-0.012 

1.013 

21.842  1.062 

1 . 065 

0.003 

1.010 

23.217  1.127 

1.125 

-0.002 

2.036 

24.253  1.174 

1.170 

-0.004 

1.004 

24.43S  1.182 

1.195 

0.013 

1.003 

28.306  1.335 

1.350 

0.015 

0.995 

32 .453  1.475 

1.480 

0.005 

0.987 

34.530  1.535 

1.530 

-0.005 

0.984 

36.488  1.589 

1.580 

-0.009 

0.982 

46.151  1.812 

1.B05 

-0.007 

0.970 

54.785  1.965 

1.955 

-0.010 

0.962 

72.549  2.199 

2.210 

0.011 

0.951 

Comments 

Cate  of  test:  S/10/2006 
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Waveform  Type 


Sine 


Test  ID  5033-FCG-4pt5 


?max 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

28.48 

1.3413 

958455 

soe 

28.53 

1.3430 

1000171 

0.0037 

812 

2B.5S 

1.3450 

1002011 

0.0038 

817 

23.64 

1.3465 

1003684 

0.0015 

823 

28.70 

1. 5485 

1005305 

0.0019 

82S 

2B.75 

1.3508 

1006805 

0.0019 

834 

28.81 

_ . os:: 

1008246 

0.0019 

840 

2B.86 

1.3546 

1005555 

0.0015 

845 

28.51 

1.3564 

1010871 

:. jcis 

851 

2B.S6 

1.3583 

1012246 

0.0019 

857 

25.02 

1. 5685 

1013555 

862 

29.07 

1.3621 

1014871 

0.0019 

865 

25.13 

1.3642 

1016121 

0.0019 

874 

29.18 

1.3660 

1017181 

0.0015 

880 

29.23 

1.3678 

1018227 

0.0015 

886 

29.29 

1.3657 

1015273 

0.0019 

851 

29.34 

1.3715 

1020318 

C  .  3  C 1 5 

858 

29.40 

1.3736 

1021364 

: .  o  c  i  s 

504 

29.45 

1.3754 

1022360 

C. DC  IS 

510 

29.51 

1.3774 

1023256 

C  .  3  3  :  8 

516 

29.56 

1.3792 

1024096 

522 

29.62 

1.3811 

1024580 

'  .  3  C 1 9 

528 

29.67 

1.3825 

1025782 

0.0019 

535 

29.72 

1.3848 

1026552 

0.0039 

542 

29.78 

1.3868 

1027424 

0.003S 

548 

29.84 

1.3887 

1028152 

3  3  3  38 

1253 

32.54 

1.4763 

1045944 

3  .  3  3  3  3 

1256 

32.59 

1.4778 

1046076 

3  3  3  3  3 

1255 

32.65 

1.4756 

1046237 

0.0038 

1303 

32.72 

1.4816 

1046405 

3.3335 

1306 

32.78 

1.4335 

1046574 

0.0035 

1305 

52.3  3 

1.4851 

1046726 

3  .  33  39 

1313 

32.90 

1.4872 

1046504 

0.0019 

1317 

32.97 

1.4854 

1047083 

C  .  3  C 1 9 

1320 

33.02 

1.4505 

1047228 

0.0019 

1324 

33.09 

1.4928 

1047386 

3.33.8 

1327 

33.16 

1.4545 

1047551 

0.0019 

1331 

33.22 

1.4967 

1047657 

0.0015 

1334 

33.28 

1.4585 

1047855 

0.0019 

1338 

33.35 

1.5007 

1048021 

3  .  3  C 1 5 

1342 

33.41 

1.5025 

1048166 

0.0019 

1345 

33.47 

1.53,5 

1048305 

C  .  3  3 1 8 

1345 

33.54 

1.5062 

1048457 

0.0019 

1353 

33.60 

1.5081 

1048615 

0.0019 

Page  1 


dN 

da/dN 

Kmax  deltaK 

(in/ eye) 

(kst[in]*.5) 

3556 

1.0S1E-6 

4.981 

4.483 

35.3 

1.088E-6 

5.019 

4.517 

1632 

1.178E-6 

5.061 

4.555 

1565 

1.241E-6 

5.101 

4.591 

1477 

1.254E-6 

5.143 

4.629 

1437 

1.338E-6 

5.184 

4.665 

1375 

1.371E-6 

5.224 

4.702 

.5,4 

1.358E-6 

5.266 

4.735 

1313 

1.43SE-6 

5.307 

4.776 

1270 

1.487E-6 

5.349 

4.814 

1226 

1.54SE-6 

5.394 

4.854 

1171 

1.62SE-6 

5.436 

4.892 

1127 

1.674E-6 

5.480 

4.532 

1082 

1.750E-6 

5.523 

4.571 

1040 

1.798E-6 

5.564 

5.008 

1013 

1.861E-6 

5.612 

5.050 

978 

1.S34E-6 

5.654 

5.088 

951 

2.00SE-6 

5.702 

5.132 

911 

2.090E-6 

5.746 

5.171 

871 

2.14SE-6 

5.792 

5.213 

844 

2.237E-6 

5.837 

5.253 

823 

2.290E-6 

5.884 

5.295 

1642 

2.381E-6 

5.932 

5.339 

1600 

2.451E-6 

5.979 

5.391 

.  3  5  3  3 

4.83IE-6 

0.000 

0.000 

17884 

4.S7SE-6 

0.000 

0.000 

293 

1.107E-5 

0.000 

0.000 

333 

1.146E-5 

8.760 

7.8B4 

337 

1.167E-5 

8.753 

7.514 

317 

1.112E-5 

8.826 

7.544 

165 

1.147E-5 

8.863 

7.576 

163 

1.14SE-5 

8.898 

8.008 

163 

1.16SE-5 

8.931 

8.038 

162 

1.183E-5 

8.970 

8.073 

155 

1.1S0E-5 

5.003 

8.102 

156 

1.21SE-5 

9.037 

8.134 

156 

1.230E-5 

5.074 

8.167 

153 

1.23SE-5 

9.111 

8.200 

151 

1.250E-5 

9.146 

8.231 

153 

1.24SE-5 

9.183 

8.264 

150 

1.26SE-5 

5.218 

8.257 

146 

1.285E-5 

9.253 

8.328 

148 

1.287E-5 

5.251 

8.362 
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T©st  XD  5083-FCG-4pt5  P&C[6  2. 


Pntax 

EvB/P 

a 

N 

da 

dN 

da/dX 

Umax 

delraK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi[in]“.S) 

1356 

33.67 

1.5101 

1048754 

0.0019 

150 

1.281E-S 

8.328 

8.395 

1360 

33.73 

1.5120 

1048SS5 

0.0018 

147 

1.285E-5 

9.364 

B.428 

1364 

33.78 

1.5138 

1048055 

0.0018 

143 

1.312E-S 

8.402 

8.462 

1367 

33.  56 

1.5158 

1049207 

0.0019 

144 

1.318E-5 

8.437 

8.483 

1371 

33.82 

1.5176 

1049339 

0.0019 

142 

1.347E-5 

8.476 

8.529 

1375 

33.88 

1.5186 

1049475 

0.0019 

136 

1.3S6E-5 

8.512 

8.561 

1378 

34.05 

1.5215 

1048617 

0.0018 

133 

1.431E-5 

8.551 

B.S96 

1382 

34.12 

1.5234 

1049744 

0.0019 

134 

1.423E-5 

8.588 

8.628 

1386 

34.18 

1.5252 

1049871 

0.0019 

134 

1.427E-5 

9.626 

8.664 

13S0 

34.25 

1.5272 

1050003 

0.0018 

131 

1.4S1E-5 

8.662 

B.696 

1383 

34.31 

1.5288 

1050140 

0.0038 

275 

1.386E-5 

8.703 

8.732 

1387 

34.38 

1.5310 

1050278 

0.0040 

260 

1.S4SE-5 

9.740 

B.766 

1401 

34.45 

1.5330 

1050400 

0.6731 

17374 

3.874E-5 

0.000 

0.000 

2450 

72.88 

2.3341 

1067652 

0.6731 

17264 

3.85SE-5 

0.000 

0.000 

2450 

73.17 

2.2361 

1067664 

0.0040 

24 

1.662E-4 

0.000 

0.000 

2450 

73.35 

2.2081 

1067676 

0.0043 

24 

1.784E-4 

28.101 

25.281 

2450 

73.55 

2.2104 

1067688 

0.0041 

22 

1.872E-4 

28.148 

25.333 

2450 

13.12 

2.2222 

1067698 

0.0039 

22 

1.7S2E-4 

25.380 

2450 

73.80 

2.2143 

1067710 

0.0021 

11 

1.832E-4 

28.250 

25.425 

2450 

74.08 

2.2164 

1067721 

0.0020 

11 

1.836E-4 

28.299 

25.468 

2450 

74.27 

2.2184 

1067732 

0.0020 

11 

1.828E-4 

28.351 

25.516 

2450 

74.46 

2.2204 

1067743 

0.0020 

11 

1.841E-4 

28.401 

25.561 

2450 

74.65 

2.2226 

1067755 

0.0020 

11 

1.832E-4 

28.451 

25.606 

2450 

74.83 

2.2245 

1067765 

0.0020 

11 

1.833E-4 

28.502 

25.652 

2450 

75.01 

2.226S 

1067776 

0.0021 

11 

1.854E-4 

28.552 

25.697 

2450 

75.21 

2.2286 

1067788 

0.0020 

11 

1.873E-4 

28.602 

25.742 

2450 

75.38 

2.2305 

1067788 

0.0021 

11 

1.863E-4 

28.655 

25.788 

2450 

75.60 

2.2328 

1067809 

0.0021 

11 

1.877E-4 

28.706 

25.836 

2450 

75.78 

2.2348 

1067821 

0.0020 

11 

1.9O0E-4 

28.761 

25.884 

2450 

75.88 

2.2368 

1067832 

0.0021 

11 

1.932E-4 

28.812 

25.831 

2450 

76.17 

2.2388 

1067842 

0.0020 

10 

1.976E-4 

28.B64 

25.878 

2450 

76.35 

2.24  3.- 

1067852 

0.0021 

10 

2.053E-4 

28.915 

26.023 

2450 

76.55 

2.2428 

1067S61 

0.0020 

10 

2.092E-4 

28.966 

26.068 

2450 

76.74 

2. 2450 

1067871 

0.0020 

10 

2.138E-4 

2  8  .  0  2  C 

26.118 

2450 

76.85 

2.2471 

1067881 

0.0021 

8 

2.18SE-4 

29.071 

26.164 

2450 

77.13 

2.2451 

1067890 

0.0021 

8 

2.215E-4 

29.126 

26.213 

2450 

77.33 

2.2511 

1067SSS 

0.0020 

8 

2.264E-4 

29.179 

26.261 

2450 

7^.53 

2.2532 

1067908 

0.0020 

9 

2.29SE-4 

28.232 

26.308 

2450 

77.74 

2.2553 

1067917 

0.0040 

17 

2.34SE-4 

29.285 

26.356 

2450 

77.92 

2.2572 

1067825 

0.0038 

17 

2.31SE-4 

28.335 

26.404 

7B.12 

2.2583 

1067834 
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Automated  Fatigue  Crack 
Growth  Slate  Analysts 


Test  ID 

5083-FCG-4pt05 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5083-H321 

Yield  (ksi) 

34.3 

Temperature 

Environment 

(F)  75 

Sea  Water 

Modulus  (Msi) 

10.5 

Specimen  Dimensions  (in) 


Thickness 

0.499 

Height 

2.400 

Met  Thickness 

0.499 

Notch  Depth 

1.000 

Width 

4.000 

Gage  Length 

0.500 

Frecrack  Parameters 

Fmax  (lbs) 

784.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Bir-ax  (ksi  sqrtin]) 

4.00 

Test  Faram.e 

iters 

EvBF  Fr 

eq  Fmax  R 

At  Kmaxi 

C 

DKi 

32.540  0. 

05  0  0.10 

1.491  8.80 

2.00 

0.00 

55.200  0. 

05  2450  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-S.6 

1214.88 

-2143.57 

Visual  Observations 

EvB/P  Crack (EvB/P)  Crack (visual 

.)  Error 

CAF 

20.869 

1.012  1.000 

-0.012 

1.013 

21.842 

1.062  1.065 

0.003 

1.010 

23.217 

1.127  1.125 

-0.002 

1.006 

24.253 

1.174  1.170 

-0.004 

1.004 

24.439 

1.182  1.195 

0.013 

1.003 

28.306 

1.335  1.350 

0.015 

0.555 

32.493 

1.475  1.480 

0.005 

0.987 

34.530 

1.535  1.530 

-0.005 

0.984 

36.48B 

1.589  1.580 

-0.005 

0.982 

46.151 

1.812  1.805 

-0.007 

0.970 

54.785 

1.965  1.955 

-0.010 

0.962 

72.549 

2.159  2.210 

0.011 

0.951 

Comments 

Cate  of  test:  9/11/2006 

Waveform  Type  Sine 
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Test;  ID  SOB3-FCG-4ptOS  Page  1 


?max 

EvB/P 

a 

N 

da 

dlt 

da/dX 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksitinl-.S) 

34.57 

1.5362 

1050529 

1412 

34.64 

1.5383 

1050642 

0.0043 

232 

1.844E-5 

9.890 

8.901 

1416 

34.72 

1.5405 

1050761 

0.0041 

240 

1 . 702E-5 

9.932 

8.939 

1420 

34. 7S 

1.5424 

1050882 

0.0020 

132 

1.538E-5 

9.973 

8.976 

1424 

34.35 

1.5442 

1051008 

0.0020 

140 

1.460E-5 

10.011 

9.010 

1427 

34.91 

1.5461 

1051155 

0.0019 

145 

1.338E-5 

11.351 

9.046 

1431 

34.99 

1.5481 

1051322 

0.0019 

149 

1.277E-5 

10.091 

9.082 

1435 

35.06 

1.5501 

1051481 

0.0039 

310 

1.247E-5 

10.132 

9.118 

143S 

35.12 

1.5520 

1051632 

0.0038 

297 

1.290E-5 

10.173 

9.156 

1443 

35.20 

1.5540 

1051778 

0.7117 

16317 

4.362E-5 

: .  3 : : 

0.000 

245G 

78.55 

2.2636 

1067949 

0.7113 

16179 

4.396E-5 

0.000 

0.000 

2450 

78.71 

2.2653 

1067957 

0.0039 

17 

2.278E-4 

29.553 

26.596 

2450 

78.93 

2.2675 

1067966 

0.0041 

18 

2.268E-4 

29.602 

26.642 

2450 

79.11 

2.2693 

1067975 

0.0040 

17 

2.349E-4 

29.661 

26.694 

2450 

79.32 

2.2715 

1067983 

0.0021 

8 

2.461E-4 

29.711 

26.741 

2450 

79.53 

2.2735 

1067992 

0.0020 

8 

2.490E-4 

29.769 

26.792 

2450 

79.73 

2.2756 

1067999 

0.0021 

8 

2.548E-4 

29.825 

26.842 

2450 

79.94 

2.2777 

1068007 

0.0021 

8 

2.524E-4 

29. 37E 

26.591 

2450 

80.15 

2.2797 

1068016 

0.0021 

8 

2.S36E-4 

29.933 

26.943 

2450 

80.37 

2.2819 

1068024 

0.0021 

8 

2.503E-4 

29.991 

26.993 

2450 

80.58 

2.2839 

1068033 

0.0021 

8 

2.S32E-4 

30.050 

27.045 

2450 

80.79 

2.2860 

1068041 

0.0021 

8 

2.671E-4 

30.107 

27.096 

2450 

81.00 

2.2B80 

1068048 

0.0020 

8 

2.676E-4 

30.162 

27.146 

2450 

El.  21 

2.2901 

1068055 

0.0020 

8 

2.730E-4 

31.221 

27.198 

2450 

81.43 

2.2923 

1068063 

0.0020 

8 

2.719E-4 

30.273 

27.245 

2450 

El.  61 

2.294C 

1068070 

0.0020 

8 

2.6S0E-4 

30.330 

27.297 

2450 

81.83 

2.2961 

1068078 

0.0020 

8 

2.679E-4 

30.386 

27.347 

2450 

El. 05 

2.2982 

1068086 

0.0020 

8 

2.709E-4 

31.442 

27.398 

2450 

82.26 

2.3002 

1068093 

0.0021 

8 

2.757E-4 

30.499 

27.449 

2450 

E2.4' 

2.3022 

1068100 

0.0021 

8 

2.769E-4 

31.55; 

27.502 

2450 

82.69 

2.3043 

1068108 

0.0020 

7 

2.77SE-4 

30.615 

27.552 

2450 

82.92 

2.5365 

1068115 

0.0042 

IS 

2.772E-4 

30.672 

27.606 

2450 

83.13 

2.3085 

1068123 

0.0040 

15 

2.669E-4 

30.732 

27.657 

83.34 

2.3105 

1068130 
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Automated  Fatigue  Crack 


Growth  Pate 

Analysts 

Test  ID 

o  0  83— r CG-4uptO 

S Geometry 

C{T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5083-K321 

Yield  (ksi) 

34.3 

Temperature 

(F) 

75 

Modulus  (Msi) 

10.5 

Environment 

Sea  Water 

Specimen 

Dimensions  (in) 

Thickness 

0.499 

Height 

2.400 

Met  Thickness 

0.499 

Notch  Depth 

1.000 

Width 

4.000 

Gage  Length 

0.500 

Precrack 

Parameters 

Fmax  (lbs) 

7S4.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

(-'max  ( ks i  scr[in]) 

4.00 

Test  Parameters 

EvBP 

Freq 

Fmax  R 

At  Kmaxt 

C 

DKi 

32.540 

0.05 

0  0.10 

1.491  8.80 

2.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

-2143.57 

Visual  Observations 

EvB/P  Crack (EvB/P>  Crack (visual 

.)  Error 

CAF 

20.869 

1.012 

1.000 

-0.012 

1.013 

21.842 

1.062 

1.065 

0.003 

1.010 

23.217 

1.127 

1.125 

-0.002 

1.006 

24.253 

1.174 

1.170 

-0.004 

1 .034 

24.439 

1.182 

1.195 

0.013 

1.003 

28.306 

1.335 

1.350 

0.015 

0.995 

32.493 

1.475 

1.480 

0.005 

0.987 

34.530 

1.535 

1.530 

-0.005 

0.984 

36.488 

1.589 

1.580 

-0.009 

0.982 

46.151 

1.812 

1.805 

-0.007 

0.970 

54.785 

1.965 

1 . 955 

-0.010 

0.962 

72.549 

2.199 

2.210 

0.011 

0.951 

Ccmmer.ts 

Cate  of  test:  9/11/2006 

Wavefonr.  Type  Sine 


DRDC  Atlantic  CR  2007-019 


131 


Test  ID  50B3-FCG-4Cpe05  Page  1 


?max 

EvB/P 

a 

N 

da 

dN 

da  ,/dlC 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi  [in] “  .5) 

35.27 

1.5561 

1052018 

1450 

35.32 

1.5574 

1052093 

0.0033 

193 

1.702E-5 

10.294 

9.264 

1454 

35.39 

1.5594 

1052211 

0.0039 

239 

1.636E-5 

10.330 

9.297 

1458 

35.46 

1.5613 

1052332 

0.0018 

108 

1.733E-5 

10.372 

9.335 

1463 

35.54 

1.5634 

1052446 

0.0019 

113 

1.699E-5 

10.415 

9.373 

1467 

35.61 

1.5654 

1052559 

0.0019 

110 

1.717E-5 

10.455 

9.410 

1470 

35.67 

1.5672 

1052668 

0.0019 

108 

1.746E-5 

10.496 

9.447 

1474 

35.74 

1.5689 

1052772 

0.0019 

107 

1.754E-5 

10.536 

9.482 

1478 

35.81 

1.5708 

1052872 

0.0019 

107 

1.762E-5 

10.577 

9.519 

1482 

35. SB 

1.5728 

1052981 

0.0019 

105 

1.755E-5 

10.61= 

9.556 

I486 

35.95 

1.5747 

1053090 

0.0019 

104 

1.792E-5 

10.660 

9.594 

14S0 

36.02 

1.5766 

1053198 

0.0019 

105 

1.810E-5 

10.701 

9.631 

1494 

36. OB 

1.5784 

1053298 

0.0019 

105 

1.82SE-5 

10.742 

9.668 

14S8 

36.15 

1.5B02 

1053394 

0.0019 

104 

1.849E-5 

10.786 

9.707 

1502 

36.23 

1.5B23 

1053503 

0.0019 

104 

1.864E-5 

10.827 

9.744 

1506 

36.30 

1.5242 

1053611 

0.0039 

213 

1.820E-5 

10.873 

9.786 

1510 

36.37 

1.5B62 

1053716 

0.0039 

209 

1.850E-5 

10.916 

9.824 

36.44 

1.5881 

1053820 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 


Test  ID 

5083— FCG-5 

Gecrne: 

:ry 

C  (T) 

Contract 

SSC  10624-01 

Orient 

ration 

T-L 

Material 

5083-K321 

Yield 

(ksi) 

34.3 

Temperature  IF) 

75 

Modulus  (Msi) 

10.5 

Environment  RH  = 

40% 

Specimen  Dimensions  (in) 

Thickness 

0.501 

Height 

2.400 

Met  Thickness 

0.501 

Notch 

Depth 

1.000 

Width 

4.000 

Gage  length 

0.500 

Frecrack  Faramet 

ers 

Fmax  ( lbs ) 

970.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.070 

Kmax 

(ksi  scr[in]) 

5.00 

Test  Parameters 

EvBF  Freq 

Fmax  R 

Ai 

■'.tax  i  C 

DKi 

22.377  24.00 

0  0.10 

1.070 

5.00  -4.00 

0.00 

25.814  24.00 

0  0.10 

1.220 

3.00  4.00 

0.00 

K  Coeff 

C  Coeff 

da/dN 

Fit  Parameters 

(DKapp) 

.886 

1.00098 

Upper 

da/dN  limit 

3.937E-8 

4.64 

-4.66951 

Lover 

da/dN  limit 

3.937E-9 

-13.32 

18.4601 

da/dN 

intercept  (C) 

4.703E-19 

14.72 

-236.825 

da/dN 

slope  (m)  2 

13.534 

-5.6 

1214.88 

da/dN 

for  delta  K 

3.937E-9 

. 

-2143.57 

delta 

K 

2.640 

Visual  Observations 


EvB/P 

Crack (EvB/P) 

Crack (visual) 

Error 

CAF 

20.596 

0.986 

1.002 

0.016 

1.004 

22.230 

1.095 

1.085 

-0.010 

1.022 

23.182 

1.153 

1.130 

-0.023 

1.031 

25.135 

1.263 

1.280 

0.017 

1.050 

29.099 

1.377 

1.380 

0.003 

1.007 

33.040 

1.491 

1.485 

-0.006 

0.986 

36.200 

1.571 

1.575 

0.004 

0.972 

Comments 

Cate  of  test:  9/15/2006 

Waveform.  Type  Sine 
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Pmax 

E’.'B/P 

a 

N 

da 

(lb) 

(in) 

(in) 

22.38 

1.1041 

10728 

915 

22.47 

1.1100 

23025 

C . 3121 

893 

22.57 

1.1163 

38275 

0.0123 

873 

22.67 

1.1222 

55045 

0.0061 

852 

22.77 

1.1286 

75113 

832 

22.88 

1.1348 

56585 

0.0060 

814 

22.97 

1.1406 

118770 

0.0061 

796 

23.07 

1.1464 

142808 

0.0061 

778 

23.17 

1.1523 

170733 

0.0061 

759 

23.28 

1.1589 

203223 

0.0061 

741 

23.38 

1.1652 

235954 

......I 

724 

23.49 

1.1712 

268687 

0.0061 

707 

23.59 

1.1772 

303843 

691 

23.69 

1.1831 

335000 

0.005S 

676 

23.79 

1.1891 

376581 

0.0061 

650 

23.90 

1.1952 

418404 

0.0060 

646 

24.00 

1.2008 

466351 

0.0060 

629 

24.12 

1.2078 

514595 

0.0060 

615 

24.22 

1.2134 

566135 

0  .  0  C  5  S 

601 

24.33 

1.2193 

635038 

0.0056 

587 

24.44 

1.2254 

731535 

: .  o  c  5 : 

576 

24.53 

1.2302 

834016 

0.0045 

568 

2  4  .  €  J 

1.134: 

937571 

0.0039 

560 

24.66 

1.2376 

1037427 

0.0032 

554 

24.71 

1.2411 

1137270 

0.0027 

549 

24.75 

1.2425 

1237125 

0.0025 

546 

24.78 

1.2443 

1336582 

0.0022 

541 

24.83 

1.2466 

1436338 

0.0020 

536 

24.  =7 

1.243  3 

1536654 

0.0017 

532 

24.90 

1.2507 

1636537 

0.0016 

529 

24 . 93 

1.2522 

1736351 

0.0014 

527 

24.94 

1.2530 

1836248 

0.0012 

525 

24.96 

1.2539 

1936105 

0.0010 

523 

24. 9B 

1.2550 

2035561 

0.0008 

521 

25.00 

1.2560 

2135807 

0.0008 

520 

25.01 

1.2566 

2235655 

0.0008 

519 

25.02 

1.2573 

2335516 

0.0008 

517 

25.04 

1.2581 

2435373 

0.0008 

515 

25.06 

1.2590 

2535225 

0.0008 

513 

25.07 

1.2599 

2635076 

0.0007 

512 

25.09 

1.2606 

2734926 

0.0006 

511 

25.10 

1.2611 

2834782 

0.0004 

510 

25.10 

1.2613 

2934635 

0.0003 

25.10 

1.2615 

3034456 

134 


dN 

da/dX 

Kmax  deltaK 

(in/cyc) 

(ksi[in]*.S) 

27551 

4.410E-7 

4.839 

4.355 

32016 

3.831E-7 

4.750 

4.275 

18007 

3.736E-7 

4.656 

4.190 

19963 

3.24SE-7 

4.568 

4.111 

22076 

2.S14E-7 

4.481 

4.033 

24696 

2.664E-7 

4.356 

3.557 

26B07 

2.441E-7 

4.316 

3.884 

28683 

2.22SE-7 

4.232 

3.809 

30846 

2.046E-7 

4.151 

3.736 

32655 

1.S05E-7 

4.065 

3.662 

34308 

1.810E-7 

3.550 

3.591 

35S64 

1.732E-7 

3.914 

3.523 

38490 

1.643E-7 

3.840 

3.456 

41052 

1.S51E-7 

3.767 

3.390 

43715 

1.453E-7 

3.657 

3.327 

50006 

1.350E-7 

3.622 

3.260 

55226 

1.248E-7 

3.556 

3.201 

65169 

1.118E-7 

3.484 

3.136 

78447 

9.119E-B 

3.419 

3.077 

87071 

6.515E-8 

3.355 

3.023 

55185 

4.837E-8 

3.305 

2.975 

59681 

3.802E-8 

3.260 

2.534 

100841 

3.077E-8 

3.226 

2.504 

::o47c 

2.63SE-8 

3.154 

2.875 

S5BS4 

2.368E-8 

3.173 

2.856 

5  5  352 

2.176E-8 

3.145 

2.834 

S9BS4 

2.047E-8 

3.129 

2.816 

5  5  354 

1.844E-8 

3.108 

2.797 

SSBS4 

1.620E-8 

3.089 

2.7B0 

5  5  354 

1.348E-8 

3.074 

2.767 

S5B52 

1.136E-8 

3.063 

2.756 

5  5  354 

9.71SE-9 

3.053 

2.747 

55854 

8.715E-5 

3.044 

2.735 

5  5  3  5  4 

8.383E-9 

3.034 

2.731 

55354 

8.113E-5 

3.027 

2.724 

35:9: 

7.515E-9 

3.019 

2.717 

S9B53 

7.876E-5 

3.012 

2.711 

5  5  354 

7.850E-S 

3.004 

2.704 

SSBS4 

7.276E-5 

2.996 

2.697 

55354 

5.S27E-9 

2.589 

2.690 

95853 

4.154E-5 

2.984 

2.685 

99BS3 

2.475E-9 

2.581 

2.633 

DRDC  Atlantic  CR  2007-019 
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Picax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi (in] *.5) 

510 

25.10 

1.2615 

3134345 

-0.0001 

199697 

-4 . 017E-10 

2.977 

2.680 

510 

25.10 

1.2615 

3234193 

0.03SS- 

•1938770 

-2.037E-8 

0.000 

0.000 

674 

27.12 

1.331C 

1195575 

0.0444- 

•2015140 

-2.204E-8 

0.000 

0.000 

685 

27.24 

1.3059 

1219053 

0.0094 

4S927 

1.S1SE-7 

4.117 

3.706 

696 

27.36 

1.3104 

12445G2 

0.0098 

43475 

2.027E-7 

4.202 

3.781 

70S 

27.49 

1.3157 

1267528 

0.009S 

41447 

2.400E-7 

4.281 

3.853 

720 

27.61 

1.3203 

1285949 

0.0049 

19014 

2.68SE-7 

4. 368 

3.931 

732 

27.73 

1.3251 

1303205 

0.0050 

17151 

2 . S72E-7 

4.454 

4.009 

744 

27.86 

1.3302 

1318713 

0.0049 

15278 

3.288E-7 

4.541 

4.087 

757 

27.98 

1.3350 

1333137 

0.0050 

13697 

3.702E-7 

4.635 

4.171 

770 

28.11 

1.3402 

1347407 

0.0050 

12211 

4.295E-7 

4.728 

4.255 

783 

2B.25 

1.3454 

1359195 

0.0051 

10B85 

5.102E-7 

4.823 

4.340 

795 

28.37 

1.3501 

1368130 

C .0051 

9434 

5.970E-7 

4.923 

4.431 

810 

2B.51 

1.3552 

1376473 

0.0050 

7861 

6.S4SE-7 

5.026 

4.523 

825 

28.66 

1.3609 

1384022 

:  .  0  0  4  9 

6683 

7.S5SE-7 

5.128 

4.616 

838 

2B.7B 

1.3657 

1389742 

0.004S 

5941 

8.632E-7 

5.232 

4.709 

851 

28.90 

1.3702 

1394570 

0.0048 

5194 

9.45SE-7 

5.335 

4.802 

865 

29.03 

1.3749 

1399295 

0.0046 

4512 

1.024E-6 

5.433 

4.890 

879 

29.16 

1.3793 

1403773 

0.0044 

4073 

1.10SE-6 

5.546 

4.992 

895 

29.31 

1.3840 

1407636 

0.0044 

3751 

1.204E-6 

5.654 

5.088 

911 

29.45 

1.3882 

1411091 

0.0043 

3397 

1.314E-6 

5.770 

5.193 

926 

29.58 

1.3924 

1414180 

C  .  0  C  4  3 

3037 

1.428E-6 

5.888 

5.299 

943 

29.73 

1.3967 

1417074 

C.DC42 

2740 

1.S63E-6 

6.003 

5.403 

959 

29.87 

1.4010 

1419676 

0.0042 

2473 

1.724E-6 

6.122 

5.509 

974 

30.00 

1.4049 

1421993 

0.0042 

2264 

1.891E-6 

6.242 

5.618 

SSI 

30.14 

1.4092 

1424076 

0.0041 

2060 

2.057E-6 

6.361 

5.725 

1007 

30.28 

1.4132 

1425930 

0.0041 

1863 

2.252E-6 

6.486 

5.838 

1024 

30.42 

1.4175 

1427764 

C . 0042 

1711 

2.471E-6 

6.610 

5.949 

1041 

30 . 56 

1.4216 

1429431 

0.0042 

1588 

2.704E-6 

6.741 

6.067 

1059 

30.70 

1.4257 

1430851 

C  .  0  C  4  3 

1459 

2.970E-6 

6.873 

6.186 

1077 

30.85 

1.4300 

1432260 

0.0042 

1319 

3.252E-6 

7.012 

6.311 

1096 

31.00 

1.4345 

1433602 

: . 0042 

1212 

3.537E-6 

7.153 

6.438 

1115 

31.15 

1.4388 

1434685 

0.0042 

1132 

3.789E-6 

7.291 

6.562 

1132 

31.28 

1.4425 

1435677 

0 . 0042 

1039 

4.0S1E-6 

7.437 

6.693 

1152 

31.43 

1.4468 

1436702 

0.0042 

944 

4.424E-6 

7.577 

6.819 

1171 

31.58 

1.4511 

1437641 

C . 0042 

889 

4.767E-6 

7.729 

6.956 

1191 

31.74 

1.4554 

1438494 

0.0042 

850 

5.068E-6 

7.878 

7.090 

1211 

31.89 

1.4595 

1439263 

0.0042 

789 

5.330E-6 

8.039 

7.235 

1232 

32.04 

1.4638 

1440019 

0.0042 

735 

5.65SE-6 

8.193 

7.374 

1253 

32.19 

1.468C 

1440779 

0 .0042 

688 

6.03SE-6 

8.357 

7.522 

1274 

32.34 

1.4722 

1441436 

0.0042 

652 

6.474E-6 

8.518 

7.666 

1295 

32.49 

1.4742 

1442048 

0.0042 

613 

6.9S3E-6 

8.686 

7.818 

1317 

32.65 

1.4805 

1442624 

0.0084 

1126 

7.480E-6 

8.851 

7.966 

1338 

32.80 

1.4344 

1443174 

0.0086 

1071 

8.070E-6 

9.033 

8.130 

32.97 

1.4892 

1443695 

Test 

ID  5083 

-FCG-5 

Page  3 

Pmax 

EvB/P 

a 

N 

da 

dll 

da./ dll 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi [in] -.5) 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 


Test  ID  5086-FCG-l  Geometry  C(T) 

Contract  SSC  10624-01  Orientation  T-L 


Material 

5086-K116 

Temperature  IF) 

75 

Environment  RH  = 

40% 

Specimen  Dimensions  (in) 

Thickness 

0.496 

Met  Thickness 

0.496 

Width 

4.000 

Precrack  Faramet 

ers 

Fmax  ( lbs  > 

775.0 

Final  a  (in) 

1.050 

Test  Parameters 

EvBP  Freq 

Fmax 

R 

22.578  10.00 

0 

0.10 

29.766  10.00 

0 

0.10 

47.542  5.00 

2575 

0.10 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66551 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

. 

-2143.57 

Visual  Observations 


Yield  (ksi)  27.0 

Modulus  (Msi)  10.5 


Height 

2.400 

Notch  Depth 

1.000 

Gage  Length 

0.500 

Stress  Ratio 

0.10 

Kmax  (ksi  sqr[in]) 

4.00 

Ai 

Kmaxi 

C 

DKi 

1.100 

3.20 

4.00 

0.00 

1.356 

10.42 

2.00 

0.00 

: .  :* :  c 

0.00 

0.00 

0.00 

EvB/P 

Crack  ;Ev3/P) 

Crack (visual) 

Error 

CAF 

2  0 . 4  E  4 

0.585 

1.001 

0.013 

1.011 

21.438 

1.038 

1.035 

-0.003 

1.005 

21. E4E 

1.055 

1.055 

-0.004 

1.007 

22.520 

1.110 

1.115 

0.005 

1.005 

24. 8  69 

1.157 

1.155 

-0.002 

1.000 

26.312 

1.256 

1.255 

-0.001 

0.997 

27.456 

1.301 

1.255 

-0.006 

0.554 

25.780 

1.384 

1.380 

-0.004 

0.590 

2  5  .  5  5  J 

1.675 

1.665 

-0.010 

0.975 

47.607 

1.838 

1.BS0 

0.012 

0.967 

Comments 


Date  of  test:  8/16/2006 

Wavefonr.  Type  Sine 
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Pitax 

EvB/P 

a 

N 

da 

dlf 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi [in] “.5) 

23.06 

1.1171 

66525 

635 

23.17 

1.1215 

115156 

0.0055 

102815 

S.261E-8 

3.441 

3.057 

650 

23.27 

1.1267 

165748 

0.0055 

57833 

S.73SE-8 

3.510 

3.155 

661 

23.37 

1.1314 

217025 

0.0048 

46026 

1.035E-7 

3.580 

3.222 

€72 

23.48 

1.1360 

260146 

0.0047 

43374 

1.0S7E-7 

3.652 

3.286 

683 

23.58 

1.1408 

302605 

C  .  0  C  4  7 

40604 

1.166E-7 

3.724 

3.352 

6S5 

23.65 

1.1457 

343082 

0.0047 

38177 

1.245E-7 

3.755 

3.415 

707 

23.75 

1.1504 

375435 

C  .  0  C  4  3 

36445 

1.322E-7 

3.875 

3.487 

718 

23.50 

1.1550 

413372 

0.0048 

34216 

1.401E-7 

3.553 

3.558 

731 

24.  11 

1.1558 

446053 

0.0047 

31813 

1.478E-7 

4.033 

3.630 

744 

24.12 

1.1648 

478814 

0.0047 

30257 

1.563E-7 

4.114 

3.702 

756 

24.-3 

1.1654 

507855 

;  .  0  C  4  3 

28681 

1.666E-7 

4.156 

3.777 

768 

24.33 

1.1735 

534561 

0.0048 

26662 

1.7SSE-7 

4.280 

3.852 

781 

24.44 

1.1787 

561222 

0.0047 

24440 

1.S43E-7 

4.365 

3.525 

755 

24.55 

1.1837 

585460 

0.0047 

22501 

2.132E-7 

4.453 

4.008 

808 

2  4 . 66 

1.1883 

606062 

0.0047 

20642 

2.34SE-7 

4.542 

4.088 

821 

24.77 

1.1525 

625453 

0.0047 

18525 

2.600E-7 

4.632 

4.165 

835 

24.23 

1.1576 

642504 

0.0047 

16553 

2.8S8E-7 

4.723 

4.251 

845 

24.55 

1.2022 

658414 

0.0047 

14581 

3.24SE-7 

4.817 

4.335 

863 

25.10 

1.2065 

672371 

0.0047 

13404 

3.662E-7 

4.514 

4.422 

878 

25.21 

1.2117 

684775 

0.0048 

12067 

4.0S4E-7 

5.011 

4.510 

853 

25.33 

1.2164 

655546 

0.0048 

10823 

4.558E-7 

5.115 

4.603 

SOS 

25.44 

1.2213 

705875 

0.0047 

5675 

5 . 0S3E-7 

5.218 

4.656 

524 

25.56 

1.2262 

715306 

0.0047 

8715 

5.608E-7 

5.325 

4.752 

540 

25.68 

1.2308 

723351 

0.0047 

7863 

6.164E-7 

5.431 

4.888 

556 

25.75 

1.2354 

730421 

0.0047 

7108 

6.811E-7 

5.540 

4.SB6 

572 

25.51 

1.2401 

737050 

0.0047 

6341 

7.60SE-7 

5.643 

5.083 

588 

26.02 

1.2447 

743124 

0.0047 

5686 

8.S54E-7 

5.762 

5.186 

1005 

26.14 

1.2456 

748523 

0.0047 

5111 

S.653E-7 

5.877 

5.250 

1022 

26.26 

1.2544 

753350 

0.0047 

4542 

l.OSOE-6 

5. 556 

5.357 

1040 

26.38 

1.2551 

757468 

0.0047 

4040 

1.216E-6 

6.118 

5.506 

1057 

26.50 

1.2637 

761087 

0.0047 

3635 

1.337E-6 

6.237 

5.613 

1074 

26.62 

1.2684 

764335 

C.1C47 

3268 

1.471E-6 

6.361 

5.725 

1052 

26.74 

1.2730 

767363 

0.0047 

2533 

1.623E-6 

6.485 

5.840 

1112 

If.  .It 

1.2775 

770355 

: .  i  c  4  7 

2653 

1.816E-6 

6.620 

5.558 

1131 

26.55 

1.2828 

772557 

0.0047 

2416 

2.034E-6 

6.751 

6.076 

1145 

27.11 

1.2873 

775065 

C . DC  47 

2150 

2.246E-6 

6.33  = 

6.155 

1168 

27.23 

1.2515 

777003 

0.0047 

1555 

2.480E-6 

7.022 

6.320 

1188 

27.35 

1.2567 

778836 

0.0047 

1758 

2.737E-6 

'  .  161 

6.445 

1208 

27.48 

1.3013 

780503 

0.0048 

1608 

3.011E-6 

7.307 

6.577 

1225 

27.61 

1.3063 

782086 

C  .  D  C  4  3 

1472 

3.322E-6 

7.456 

6.710 

1251 

27.74 

1.3112 

783507 

0.0048 

1345 

3.664E-6 

7.605 

6.845 

1271 

27.86 

1.3158 

784714 

t .  3  C  4  9 

1225 

3.SSSE-6 

7.762 

6.586 

1253 

27.55 

1.3205 

785837 

0.0047 

1111 

4.310E-6 

7.516 

7.125 

DRDC  Atlantic  CR  2007-019 


137 


Tesi  ID  S086-PCG-1 


Pntax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

1316 

28.12 

1.3254 

786504 

0.0047 

1337 

28.25 

1.3300 

787854 

0.0047 

1355 

2B.37 

1.3345 

788750 

:  .  3  C  4  7 

1382 

28.50 

1.3352 

785604 

0.0047 

1405 

2B.64 

1.3435 

750415 

0.0047 

1430 

2B.77 

1.3488 

791175 

0.0047 

1454 

28.50 

1.3535 

751870 

: .  j  c  4  7 

1478 

2  5  .  J  3 

1.3581 

752483 

0.0048 

1503 

25.17 

1.3628 

753114 

:  .  304  3 

1525 

25.31 

1.3676 

753718 

0.0048 

1555 

25.44 

1.3725 

754254 

:  .  30  55 

1583 

25.59 

1.3776 

754343 

0.0096 

25  . '2 

1.3821 

755308 

29.77 

1.3836 

755336 

1627 

29.88 

1.3875 

756251 

0.0105 

1643 

30.08 

1.3941 

756910 

1664 

30.35 

1.4033 

757805 

0.0189 

1687 

5  j  .  64 

1.4130 

758713 

0.0090 

1710 

30.54 

1.4228 

755554 

0.0055 

1734 

31.23 

1.4323 

800388 

0 . 3055 

1757 

31.53 

1.4417 

801145 

0.0055 

1781 

31.82 

1.4511 

801874 

0.0055 

1804 

32.12 

1.4604 

802565 

0.0055 

1825 

32.43 

1.4701 

803256 

0.3055 

1855 

32.75 

1.4795 

803913 

0.0055 

1880 

33.05 

1.4851 

B04526 

: . 3056 

1506 

33.37 

1.4588 

805125 

0.3055 

1531 

33.65 

1.5082 

805706 

0.0095 

1557 

34.02 

1.5178 

806254 

0.0056 

1584 

34.35 

1.5273 

806776 

0 . 3055 

2011 

34.67 

1.5367 

807285 

0.0056 

2035 

35.02 

1.5465 

B07766 

0.3055 

2066 

35.36 

1.5560 

808224 

0.0055 

2054 

35.71 

1.5657 

808661 

0.3056 

2122 

36.05 

1.5748 

805054 

0.0055 

2150 

36.40 

1.5844 

805445 

0  .  30  55 

2175 

36.76 

1.5540 

805818 

0.0055 

2208 

37.12 

1.6034 

810156 

0  .  30  55 

2238 

37.45 

1.6130 

810487 

0.0055 

2265 

37.87 

1.6227 

810800 

0.0095 

2258 

38.23 

1.6315 

811085 

0.0097 

2328 

38.60 

1.6414 

311365 

0.0057 

2360 

39.01 

1.6513 

811654 

0.0056 

2353 

35.42 

1.6614 

811524 

0.0096 

2425 

39.81 

1.6705 

B12164 

0.0097 

138 


Page  2 


dN 

da/dN 
(in/ eye) 

Kntax 

(ksi[i 

del*aK 

.n]~.S) 

1016 

4.642E-6 

8.074 

7.267 

950 

4.S61E-6 

8.234 

7.411 

BSO 

5 . 306E-6 

8.356 

7.556 

828 

5.691E-6 

8.560 

7.704 

772 

6.124E-6 

8.733 

7.860 

727 

6.564E-6 

8.907 

8.017 

686 

6.580E-6 

5.086 

8.177 

647 

7.371E-6 

5.268 

8.341 

611 

7.831E-6 

5.452 

8.507 

573 

8.304E-6 

5.644 

8.675 

1125 

8.837E-6 

5.844 

8.860 

1014 

9.50SE-6 

10.040 

9.036 

1074 

9.7S2E-6 

10.425 

9.382 

1558 

1.014E-S 

10.568 

9.511 

1803 

1.048E-5 

10.747 

9.672 

816 

1.106E-5 

10.953 

9.862 

827 

1.150E-5 

11.176 

10.055 

793 

1.202E-5 

11 .400 

10.260 

757 

1.258E-5 

11.623 

10.461 

720 

1.318E-S 

11 . 851 

10.666 

690 

1.372E-5 

12.086 

10.877 

663 

1.432E-5 

12.327 

11.094 

635 

1.452E-5 

12.572 

11.314 

615 

1.552E-5 

12.B27 

11.545 

587 

1.621E-5 

13.078 

11.770 

562 

1.686E-5 

13.340 

12.006 

540 

1.765E-5 

13.604 

12.243 

516 

1.S47E-5 

13.B73 

12.486 

493 

1.S42E-5 

14.152 

12.736 

467 

2.03SE-5 

14.432 

12.585 

445 

2.146E-5 

14.724 

13.251 

422 

2.264E-5 

. Dll 

13.510 

398 

2.3S4E-5 

15.311 

13.7B0 

377 

2.520E-5 

15.610 

14.C45 

357 

2.671E-5 

15.918 

14.326 

335 

2.820E-5 

16.236 

14.613 

321 

2.S71E-5 

16.553 

14.503 

306 

3.123E-5 

16.882 

15.194 

295 

3.271E-5 

17.217 

15.495 

280 

3.438E-5 

17.555 

15.803 

263 

3.642E-5 

17.913 

16.122 

251 

3.857E-5 

18.277 

16.445 

235 

4.088E-5 

18.644 

16.7B0 
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Test  ID  S086-PCG-1 


Srnax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

2457 

40.21 

1.6803 

812379 

0.0096 

2488 

40.59 

1.6894 

B12590 

0.0095 

2522 

41.02 

1.6994 

812800 

C . 0035 

2554 

41.42 

1.7086 

B12992 

0.0096 

2588 

41.85 

1.7183 

813175 

0036 

2622 

42.28 

1.7280 

B13349 

0.0095 

2658 

42.72 

1.7377 

813515 

1 . 3036 

26S2 

43.15 

1.7471 

813668 

0.0096 

2726 

43.53 

1.7564 

813805 

0.0096 

2762 

44.04 

1.7661 

B13950 

0.0096 

2798 

44.53 

1.7758 

814084 

0.0097 

2834 

44.96 

1.7853 

B14212 

0.0097 

2871 

45.44 

1.7951 

814334 

0.0097 

2910 

45.94 

1.8053 

B14450 

0.0096 

2947 

46.42 

1.8147 

814555 

0.0188 

2984 

46.89 

1.8240 

B146S7 

0.01S9 

47.39 

1.8336 

B14754 

47.94 

1.8445 

B14876 

2975 

48.38 

1.8532 

B14567 

0.0188 

2975 

48.90 

1.8633 

B15070 

0.0202 

2975 

49.42 

1.8734 

815172 

0.0205 

2975 

49.98 

1.8838 

B15278 

0.0101 

2975 

50.54 

1.S943 

815383 

0.0101 

2975 

51.08 

1.9043 

815485 

0.0101 

2975 

51.61 

1.9140 

815583 

0.0101 

2975 

52.17 

1.9241 

B15680 

0.0100 

2975 

52.75 

1.9342 

B1S778 

0.0100 

2975 

53.33 

1.9443 

B15875 

0.0101 

2975 

53.91 

1.9543 

815565 

0.0101 

2975 

54 . 51 

1.9644 

B16062 

1.3101 

2975 

55.14 

1.9748 

816156 

0.0102 

2975 

55.75 

1.9849 

816245 

0.0102 

2975 

56.38 

1.9951 

816335 

0.0102 

2975 

57.03 

2.0053 

B16424 

C . 3102 

2975 

57.67 

2.0154 

516510 

0.0102 

2975 

58.34 

2.0256 

B16555 

C . 3101 

2975 

59.02 

2.0360 

816680 

0.0101 

2975 

59.69 

2.0461 

B16758 

C . 3101 

2975 

60.36 

2.0559 

B16S34 

0.0101 

2975 

61.06 

2.0660 

516510 

0.0101 

2975 

61.77 

2.0761 

816983 

0.0101 

2975 

62.48 

2.0860 

B17053 

0.0101 

2975 

63.23 

2.0964 

817124 

0.0102 

2975 

63.98 

2.1066 

817150 

C . 3102 

2975 

64.73 

2.1167 

817252 

0.0102 

Page  3 


dN 

da/dN 

Kntax 

del-aK 

(in/ eye) 

(ksi  tin]  ''.5) 

223 

4.303E-5 

19.005 

17.108 

205 

4.S40E-5 

19.383 

17.451 

198 

4.801E-5 

19.759 

17.783 

185 

5.068E-5 

20.153 

18.143 

180 

5.363E-5 

20.551 

15.496 

168 

5.673E-5 

20.965 

18.865 

160 

6.010E-5 

21.376 

15.235 

152 

6.337E-5 

21.800 

19.620 

144 

6.64SE-5 

22.229 

20.006 

137 

7.00SE-5 

22.665 

20.395 

130 

7.413E-5 

23.114 

20.803 

124 

7.824E-5 

23.577 

21.220 

118 

8.238E-5 

24. 355 

21.648 

112 

8.678E-5 

24.531 

22.078 

207 

5.063E-5 

is  322 

22.522 

155 

S.505E-5 

25.511 

22.560 

154 

9.655E-5 

25.976 

23.378 

205 

S.835E-5 

26.152 

23.537 

208 

9.868E-5 

26.347 

23.712 

103 

S.856E-5 

26.545 

2  3  .  £  3  C 

102 

5.900E-5 

26. '-=3 

24.265 

101 

3.577E-5 

26.942 

24.248 

100 

1.008E-4 

27.142 

24.427 

58 

1.022E-4 

27.341 

24.607 

56 

1.040E-4 

27.546 

24.792 

56 

1.057E-4 

27.755 

24.580 

54 

1.073E-4 

27.966 

25.165 

53 

1.051E-4 

28.182 

25.364 

92 

1.111E-4 

28.399 

25.555 

90 

1.126E-4 

28.622 

25.760 

85 

1.144E-4 

28.846 

25.561 

87 

1.164E-4 

25  372 

26.165 

86 

1.186E-4 

29.303 

26.372 

83 

1.214E-4 

23.537 

26.583 

81 

1.245E-4 

29.772 

26.795 

75 

1.277E-4 

30.010 

27.005 

76 

1.313E-4 

30.245 

27.224 

74 

1.355E-4 

30.485 

27.440 

72 

1.3S7E-4 

. "34 

27.660 

70 

1.448E-4 

30.983 

27.8B9 

67 

1.S13E-4 

32.242 

28.117 

65 

1.S76E-4 

31.503 

28.352 

63 

1.634E-4 

31.768 

28.591 
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Test  XD  5096-FLG-j.  Pscf'B  4 


Pntax 

EvB/P 

a 

N 

da 

dN 

da/dX 

Kmax 

deltaic 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi  (in) '  .5) 

2975 

65.52 

2.1270 

B17312 

0.0102 

60 

1.654E-4 

32.033 

28.825 

2975 

66.31 

2.1372 

817371 

0.0102 

58 

1.758E-4 

32.303 

29.072 

2975 

67.09 

2.1472 

817428 

0.0102 

56 

1.826E-4 

32.582 

29.323 

2975 

67.53 

2.1577 

817485 

0.0102 

54 

1.835E-4 

32.855 

25.565 

2975 

63.74 

2.1677 

817535 

0.0102 

52 

1.954E-4 

33.146 

29.831 

2975 

69.61 

2.1781 

817586 

0.0102 

50 

2.04SE-4 

33.427 

2 .  3  2S 

2975 

73.44 

2.1380 

817637 

0.0101 

46 

2.134E-4 

33.725 

30.352 

2975 

71.33 

2.1584 

817684 

0.0101 

44 

2.328E-4 

34.315 

3  :  .  313 

2975 

72.21 

2.2085 

817725 

0.0100 

41 

2.481E-4 

34.310 

30.878 

2575 

73.06 

2.2181 

817760 

0.0101 

38 

2.638E-4 

34.610 

31.148 

2575 

73.96 

2.2281 

817758 

0.0100 

36 

2.771E-4 

34.907 

31.415 

2575 

74.83 

2.2381 

B17833 

0.0101 

35 

2.878E-4 

35.222 

31.699 

2975 

75.85 

2.2485 

817867 

0.0102 

34 

3.001E-4 

35.536 

31.582 

2575 

76.81 

2.2587 

817902 

0.0102 

32 

3.134E-4 

35.36: 

32.280 

2575 

77.82 

2.2651 

817535 

0.0101 

30 

3.3S2E-4 

36 .157 

32.576 

2975 

78.84 

2.2754 

817563 

0.0101 

28 

3.657E-4 

36.525 

32.374 

2575 

75.32 

2.2852 

817585 

0.0102 

26 

3.S5SE-4 

36.860 

33.171 

2975 

3  3.31 

2.2988 

818014 

0.0101 

23 

4.380E-4 

37.203 

33.481 

2575 

81.90 

2.3054 

818036 

0.0101 

22 

4.763E-4 

37.545 

33.791 

2575 

33.01 

2.3155 

818057 

0.0102 

20 

5.20SE-4 

37.902 

34.107 

2575 

84.06 

2.3296 

818075 

0.0102 

18 

5.6S1E-4 

38 .273 

34.442 

2975 

85.21 

2.3400 

818053 

0.0101 

17 

6.235E-4 

38.630 

34.762 

2574 

86.35 

2.3502 

818105 

0.0100 

15 

6.847E-4 

35.008 

35.102 

2574 

37.51 

2.3603 

818123 

0.0101 

14 

7.532E-4 

35.371 

35.428 

2574 

8B.61 

2.3658 

818135 

0.0101 

13 

8.124E-4 

35.752 

35.765 

2574 

35.31 

2.3800 

818147 

0.0102 

12 

8.75SE-4 

40.137 

36.117 

2974 

91.07 

2.3504 

818158 

0.0106 

11 

9.708E-4 

40.531 

36.467 

2574 

52.35 

2.4007 

818165 

0.0103 

10 

1.072E-3 

43.543 

36.844 

2573 

53.65 

2.4114 

818175 

0.0104 

5 

1.228E-3 

41.405 

37.245 

2573 

55.29 

2.4238 

818188 

0.0105 

8 

1.521E-3 

41.715 

37.519 

2564 

56.23 

2.4313 

818154 

0.0105 

6 

1.S70E-3 

42.203 

37.544 

2554 

97.75 

2.4424 

818200 

0.0110 

5 

2.460E-3 

41.543 

38.241 

2S€S 

55.26 

2.4534 

818204 

0.0235 

7 

3.416E-3 

42.984 

38.616 

2554 

101.07 

2.4663 

818207 

0.0235 

7 

3.41SE-3 

43.351 

38.560 

102.64 

2.4773 

818211 
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Aut.crr.ated  Fatigue  Crack 
Growth  Rate  Analysis 


Test  ID 

5086-FCG-2 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5086-K116 

Yield  (ksi) 

27.0 

Temperature 

(F) 

75 

Modulus  (Msi) 

10.5 

Environment 

RH  = 

40% 

Specimen 

Dimensions  (in) 

Thickness 

0.496 

Height 

2.400 

Met  Thickness 

0.496 

Notch  Cepth 

1.000 

Width 

4.000 

Gage  length 

0.500 

Precrack 

Earamet 

ers 

Fmax  (lbs) 

779.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kmax  (ksi  scr[in]) 

4.00 

Test  Parameters 


EvBF 

Freq 

Fmax 

R 

Ai 

Kmaxi 

c 

DKi 

23.356 

10.00 

0 

0.10 

1.130 

3.00 

4.00 

0.00 

31.256 

10.00 

0 

0.10 

1.446 

10.60 

2.00 

0.00 

49.4:4 

5.00 

2840 

0.10 

0.000 

0.00 

0.00 

0.00 

K  Coeff  C  Coeff 

.836  1.00098 

4.64  -4.66951 

-13.32  18.4601 

14.72  -236. 82S 

-5.6  1214.88 

-2143.57 

Visual  Observations 


EvB/P 

Crack (EvB/P) 

Crack (visual) 

Error 

CAF 

20.433 

0.588 

1.001 

0.013 

1.013 

21.842 

1.061 

1.060 

-0.001 

1.005 

23.456 

1.139 

1.135 

-0.004 

1.005 

27.422 

1.302 

1.300 

-0.002 

0.997 

31.212 

1.434 

1.430 

-0.004 

0.590 

41.559 

1.716 

1.710 

-0.006 

0.976 

49.143 

1.870 

1.870 

0.000 

0.968 

103.926 

2.466 

2.470 

0.004 

0.935 

Comments 

Cate  of  test:  8/21/2006 

Waveform  Type  Sine 
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Test  ID  S086-PCG-2 


Pitajc 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

23.36 

1.1330 

45863 

558 

23.46 

1.1378 

135356 

0.008S 

566 

23.55 

1.1415 

203581 

C . OC  8  8 

576 

23.66 

1.1466 

275285 

0.0048 

586 

23.77 

1.1515 

345858 

0.004S 

5S6 

23. 8B 

1.1565 

403283 

0.0050 

607 

23.55 

1.1615 

463772 

€18 

24.11 

1.1665 

525054 

0.004S 

62S 

24.22 

1.1716 

582657 

0.0050 

63S 

24.33 

1.1765 

632641 

:  .  3  C  4  5 

€50 

24.44 

1.1812 

675574 

C  .  0  C  4  3 

€62 

24.56 

1.1863 

723519 

C . DC  47 

673 

24.  €6 

1.1908 

763275 

0.0047 

€84 

24.77 

1.1955 

801144 

0.0047 

€55 

24.88 

1.2000 

836361 

0.0047 

707 

24.55 

1.2048 

B7271S 

0.0047 

715 

25.11 

1.2097 

907554 

0.0048 

731 

25.21 

1.2142 

537848 

c .  D  c  4  3 

743 

25.33 

1.2190 

566024 

0.0047 

757 

25.45 

1.2241 

SS3S57 

: . DC  46 

770 

25.57 

1.2288 

1018135 

0.0047 

782 

25.67 

1.2331 

1038737 

C  .  D  C  4  3 

754 

25.78 

1 . 2375 

1058127 

0.0047 

808 

25.50 

:  :  •• : : 

1078487 

:  .  D  C  4  3 

822 

26.03 

1.2476 

10S5S3S 

0.0048 

837 

26.15 

1.2524 

1110475 

0.0047 

851 

26.27 

1.2573 

1123661 

0.0046 

865 

26.38 

1.2617 

1134673 

0.0046 

878 

26.45 

1.2655 

1144724 

0.0047 

852 

26.60 

1.2702 

1153563 

0.0046 

508 

26.73 

1.2754 

1162305 

0.0046 

525 

It.li 

1.2515 

1170252 

0.0048 

535 

26.58 

1.2845 

1176687 

0.004S 

555 

27.09 

1.2855 

1182340 

0.0049 

572 

27.23 

1.2945 

1187925 

0.0047 

550 

27.36 

1.2997 

1153010 

0.0048 

1007 

27.45 

1.3045 

1156725 

0.0048 

1022 

27.60 

1.3087 

1200264 

0.0048 

1040 

27.73 

1.3135 

1203342 

0.0046 

1058 

27.86 

1.3182 

1207126 

0.0047 

1076 

27.55 

1.3232 

1205588 

C  .  D  C  4  3 

1053 

2B.11 

1.3276 

1212383 

0.0047 

1113 

28.25 

1.3327 

1214883 

0.0047 

1132 

28.38 

1.3374 

1216566 

0.0047 

142 


Eage  1 


dN 

da/ die 

Kmax  deltaK 

(in/cyc) 

Ocsi[in]~.S) 

154118 

5.807E-8 

3.031 

2.728 

135525 

6 .284E-8 

3.052 

2.783 

68585 

6.983E-8 

3.153 

2.838 

64956 

7.576E-8 

3.215 

2.854 

63113 

7.S33E-8 

3.285 

2.557 

59555 

8.343E-8 

3.354 

3.015 

55675 

8.730E-8 

3.424 

3.082 

53373 

S.266E-8 

3.497 

3.147 

45918 

9.866E-8 

3.566 

3.209 

46008 

1.058E-7 

3.641 

3.277 

42284 

1.130E-7 

3.712 

3.341 

40012 

1.187E-7 

3.788 

3.410 

37530 

1.247E-7 

3.862 

3.476 

3  3-;: 

1.300E-7 

3.939 

3.545 

33751 

1.380E-7 

4.018 

3.616 

32126 

1.4S5E-7 

4.056 

3.637 

3  D2S6 

1.605E-7 

4.180 

3.762 

27670 

1.734E-7 

4.265 

3.835 

25056 

1.88SE-7 

4.351 

3.516 

23440 

2.042E-7 

4.437 

3.594 

21653 

2.222E-7 

4.523 

4.071 

15430 

2.446E-7 

4.613 

4.152 

17588 

2.773E-7 

4.704 

4.233 

15985 

3.137E-7 

4.803 

4.323 

14433 

3.475E-7 

4.902 

4.412 

12513 

3.842E-7 

4.955 

4.495 

11061 

4.2S7E-7 

5.055 

4.586 

5562 

4.813E-7 

5.151 

4.672 

8838 

5.366E-7 

5.254 

4.765 

7545 

6.083E-7 

5.400 

4.860 

7201 

6.878E-7 

5.509 

4.558 

€575 

7.713E-7 

5.622 

5.055 

5737 

8.771E-7 

5.734 

5.161 

5002 

9.S08E-7 

5.852 

5.267 

4526 

1.108E-6 

5.974 

5.376 

4131 

1.1SSE-6 

6.053 

5.483 

3677 

1.311E-6 

6.216 

5.554 

3225 

1.443E-6 

6.336 

5.703 

3026 

1.55SE-6 

6.464 

5.817 

2784 

1.781E-6 

6.553 

5.533 

2483 

1.S60E-6 

6.725 

6.056 

2213 

2.1S3E-6 

6.861 

6.175 

2014 

2.405E-6 

6.958 

6.258 
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Test  ID  S086-FCG-2 


Page  2 


?max 

EvB/P 

a 

N 

da 

dN 

da./dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

!ksi[in]''.S) 

1145 

28.50 

1.3418 

1218737 

0.0045 

1851 

2.685E-6 

7.138 

6.424 

lies 

28.63 

1.3466 

1220404 

0.0047 

1632 

2.97SE-6 

7.276 

6.545 

1185 

28.77 

1.3514 

1222071 

0.0047 

1483 

3.272E-6 

7.431 

6.6B8 

1211 

2B.92 

1.3568 

1223487 

0.004B 

1366 

3.580E-6 

7.576 

6.815 

1231 

29.04 

1.3611 

1224674 

0.0048 

1253 

3.874E-6 

7.733 

6.560 

1251 

29.17 

1.3656 

1225364 

0.0043 

1135 

4.201E-6 

7.885 

7.097 

1272 

29.31 

1.370S 

1226532 

0.0047 

1053 

4.530E-6 

8.038 

7.234 

1254 

29.44 

1.3751 

1227924 

0.004B 

983 

4.928E-6 

8.205 

7.385 

1317 

29.59 

1.3801 

1228906 

0.0047 

905 

5.2E6E-6 

8.372 

7.535 

1340 

29.73 

1.3851 

1225802 

0.0047 

848 

5.64SE-6 

8.542 

7.6B8 

1362 

29.87 

1.3898 

1230570 

0.0048 

798 

6.02SE-6 

8.707 

7.837 

1383 

29.99 

1.3935 

1231292 

0.0047 

743 

6.375E-6 

8.883 

7.995 

1407 

30.14 

1.3985 

1232017 

0.0047 

656 

6.713E-6 

5.055 

8.150 

1432 

30.28 

1.4038 

1232709 

0.0046 

660 

7.035E-6 

9.236 

8.312 

1455 

30.42 

1.4085 

1233365 

0.0047 

628 

7.477E-6 

5.425 

8.483 

1480 

30.56 

1.4131 

1233978 

0.0047 

602 

7.833E-6 

9.606 

8.645 

1503 

30.70 

1.4177 

1234527 

0.0048 

574 

8.342E-6 

5.795 

8.815 

1528 

:  :  .  :  ; 

1.4221 

1235058 

0.0097 

1095 

8.808E-6 

9.956 

8.996 

1556 

31.55 

1.4273 

1235626 

0.0104 

1092 

9.434E-6 

10.155 

9.175 

31.15 

1.4325 

1236150 

31.30 

1.4372 

1236656 

1618 

31.51 

1.4440 

1237333 

0.0166 

1602 

1.036E-5 

10.746 

9.671 

1640 

31.82 

1.4538 

1238258 

0.0191 

1B06 

1.057E-5 

10.930 

9.837 

1662 

32.11 

1.4631 

1235139 

0.0136 

1711 

1.037E-5 

11.145 

10.031 

1683 

32.41 

1.4724 

1235565 

0.0096 

B19 

1.170E-5 

11.371 

10.234 

1708 

32.74 

1.4825 

1240798 

0.0095 

780 

1.230E-5 

11.555 

10.435 

1731 

33.06 

1.4523 

1241558 

0.0096 

743 

1.254E-5 

11.831 

1 1 . 343 

1755 

33.37 

1.5016 

1242249 

0.0096 

707 

1.356E-5 

12.065 

10.855 

1778 

33.69 

1.5110 

1242940 

0.0095 

665 

1.423E-5 

12.304 

11.073 

1802 

34.01 

1.5206 

1243597 

0.0095 

634 

1.491E-5 

12.546 

11.292 

1827 

34.34 

1.5300 

1244209 

0.0095 

610 

1.564E-5 

12.793 

11.513 

1851 

34.67 

1.5354 

1244786 

0.0095 

580 

1.636E-5 

13 . 04  r 

11.743 

1876 

35.01 

1.5490 

1245362 

0.0095 

558 

1.708E-5 

13.308 

11.977 

1502 

35.36 

1.5588 

1245911 

0.0095 

536 

1.777E-5 

13.565 

12.212 

1527 

35.65 

1.5675 

1246420 

0.0095 

513 

1.851E-5 

13.846 

12.462 

1554 

36.05 

1.5778 

1246944 

0.0095 

490 

1.S44E-5 

14.116 

12.704 

1580 

36.40 

1.5873 

1247425 

0.0095 

467 

2.045E-5 

14.356 

12.957 

2006 

36.75 

1.5966 

1247362 

0.0096 

445 

2.158E-5 

14.683 

13.215 

2033 

37.11 

1.6063 

1248295 

0.0096 

420 

2.285E-5 

14.971 

13.474 

2060 

37.49 

1.616C 

1248714 

0.0096 

395 

2.407E-5 

15.270 

13.743 

2088 

37.86 

1.6254 

1245085 

0.0096 

379 

2.530E-5 

15.579 

14.021 

2117 

38.24 

1.6352 

1245462 

0.0095 

358 

2 . 654E-5 

15.886 

14.298 

2145 

38.62 

1.6447 

1245818 

0.0096 

341 

2.800E-5 

16.202 

14.582 

2173 

38.99 

1.6540 

1250134 

0.0096 

328 

2.S33E-5 

16.515 

14.863 

2201 

39.37 

1.6632 

1250447 

0.0096 

311 

3.0S1E-5 

16.851 

15.166 
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Test  ID  S0B6-FCG-2  Page  3 


Pmax 

EvB/P 

a 

N 

da 

dN 

da /dlC 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi  [in)  ~  .5) 

2232 

35.75 

1.6734 

1250760 

0.0056 

254 

3.264E-5 

17.182 

15.464 

22€2 

40.20 

1.6832 

1251055 

0.0056 

280 

3.437E-5 

17.535 

15.782 

2252 

40.61 

1.6525 

1251325 

0.0057 

266 

3.642E-5 

17.885 

16.  c 

2322 

41.01 

1.7022 

1251580 

0.0056 

251 

3.84SE-5 

18.234 

16.411 

2352 

41.41 

1.7115 

1251815 

0.0056 

237 

4.070E-5 

18.555 

16.736 

2383 

41.85 

1.7212 

1252042 

0.0056 

224 

4.2S1E-5 

18.562 

17.066 

2415 

42.28 

1.7311 

1252265 

0.00S6 

212 

4.524E-5 

13.344 

17.410 

2447 

42.73 

1.7405 

1252478 

0.0056 

202 

4.757E-5 

15.732 

17.755 

247S 

43.16 

1.7503 

1252670 

0.0056 

152 

5.022E-5 

20.122 

18.110 

2511 

43.60 

1.7557 

1252353 

0.0057 

181 

5.337E-5 

20.514 

18.463 

2543 

44.04 

1.7651 

1253027 

0.0056 

170 

5 . 657E-5 

20.524 

18.832 

2577 

44.51 

1.7750 

1253153 

0.0056 

161 

6.01SE-5 

21.342 

15.208 

2612 

44.55 

1.7351 

1253353 

0.0056 

151 

6.40SE-5 

21.766 

15.550 

2645 

45.45 

1.7584 

1253458 

0.0057 

143 

6.808E-5 

22. 20  5 

15.588 

2675 

45.53 

1.8080 

1253633 

0.0056 

134 

7.165E-5 

22.640 

20.376 

2714 

46.41 

1.8176 

1253761 

0.0055 

126 

7 . S50E-5 

23.050 

20.781 

2745 

46.50 

1.8272 

1253383 

0.0056 

120 

7.S74E-5 

23.535 

21.182 

2782 

47.37 

1.3364 

1253555 

0.0056 

113 

8.427E-5 

24.001 

21.601 

2818 

47.87 

1.8460 

1254110 

0.0154 

218 

8.S22E-5 

24.471 

22.024 

2855 

48.40 

1  .  3  3  3  3 

1254217 

0.01S5 

203 

S.5SSE-5 

24.553 

22.458 

48.51 

1.8655 

1254313 

45.48 

1. 3’6C 

1254424 

2840 

45.57 

1.8847 

1254526 

0.0184 

213 

8.662E-5 

25.363 

22.827 

2840 

50 . 51 

1. 3544 

1254637 

0.0153 

217 

8.837E-5 

25.533 

22.575 

2840 

51 . 05 

1.5040 

1254743 

0.0153 

205 

S.22SE-5 

25.715 

23.144 

2840 

51 . 61 

1.5137 

1254346 

0.0057 

104 

S.313E-5 

:s.s;c 

23.310 

2840 

52.15 

1.5236 

1254548 

0.0056 

101 

S.4S4E-5 

26.086 

23.478 

2840 

52.77 

1.5333 

1255051 

0.0057 

55 

S.6S4E-5 

26.274 

23.647 

2840 

53.33 

1.5427 

1255145 

0.0057 

58 

S.8SSE-5 

26.463 

23.816 

2840 

53.51 

1.5522 

1255243 

0.0057 

56 

1.00SE-4 

26.655 

23.550 

2840 

54 . 53 

1.5621 

1255338 

0.0057 

S3 

1.03SE-4 

26.850 

24.165 

2840 

55.14 

1.5715 

1255432 

0.0057 

51 

1.068E-4 

27. OSC 

24  245 

2840 

55.76 

1.5816 

1255522 

0.0058 

SO 

1.0S2E-4 

27.251 

24.526 

2840 

56.35 

1.5513 

1255608 

0.0057 

87 

1.113E-4 

27.455 

24.705 

2840 

57.03 

2.0011 

1255654 

0.0057 

85 

1.142E-4 

27.662 

24.356 

2840 

57.65 

2.0110 

1255780 

0.0057 

83 

1.166E-4 

27.868 

25.081 

2840 

58.33 

2.02 34 

1255S62 

0.0057 

81 

1.1S3E-4 

28.082 

25.274 

2840 

55.00 

2.0303 

1255540 

0.0057 

75 

1.227E-4 

28.288 

25.455 

2840 

55.65 

2.0356 

1256017 

0.0057 

76 

1.26EE-4 

28.508 

25.657 

2840 

60.36 

2.0455 

1256054 

0.0057 

74 

1.307E-4 

28.726 

25.853 

2840 

61.07 

2.0555 

1256168 

0.0057 

73 

1.340E-4 

28.543 

26.053 

2840 

€1.77 

2.0650 

1256238 

0.0058 

72 

1.372E-4 

25.175 

26.257 

2840 

62.45 

2.0787 

1256306 

0.0058 

70 

1.401E-4 

25.4:2 

26.461 

2840 

63.23 

2.0886 

1256376 

0.0058 

67 

1.438E-4 

25.637 

26.673 

2840 

64.00 

2.0586 

1256448 

0.0058 

65 

1.4S2E-4 

25.370 

26.883 
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?max 

EvB/P 

a 

H 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi[i 

2840 

€4.75 

2.1083 

1256511 

0.0099 

64 

1.553E-4 

30.113 

27.101 

2840 

€5.52 

2.1180 

1256571 

0.0098 

61 

1.616E-4 

30.350 

27.314 

2840 

€€.28 

2.1276 

1256628 

0.0097 

58 

1.638E-4 

30.603 

2". 542 

2840 

€7.14 

2.1380 

1256688 

0.0098 

55 

1.765E-4 

30.841 

27.757 

2840 

€7.90 

2.1472 

1256741 

0.0097 

53 

1.836E-4 

31.102 

27.891 

2840 

€B  .73 

2.1571 

1256793 

0.009B 

52 

1.S01E-4 

31  .  348 

28.214 

2840 

€8.57 

2.1668 

1256841 

0.0097 

50 

1.967E-4 

31.601 

28.440 

2840 

70.37 

2.1760 

1256386 

0.0097 

48 

2.017E-4 

31. 3  6  E 

2B.680 

2S40 

71.27 

2.1861 

1256937 

0.0097 

47 

2.058E-4 

32.130 

28.916 

2840 

72.17 

2.1962 

1256985 

0.009B 

46 

2.098E-4 

32.411 

29.159 

2840 

73.04 

2.2056 

1257030 

0.0099 

45 

2.171E-4 

32.680 

29.411 

2840 

73.  S€ 

2.2155 

1257076 

0.009B 

43 

2.274E-4 

32.953 

29.657 

2840 

7  4  .  E  8 

2 . 2253 

1257118 

0.0097 

41 

2.3S6E-4 

33.239 

29.915 

2840 

75.85 

2.2353 

1257157 

0.0098 

39 

2.508E-4 

33.523 

30.170 

2840 

76 .79 

2.2448 

1257195 

0.0099 

37 

2.673E-4 

33.816 

30.434 

2840 

77.77 

2.254" 

1257231 

0.0099 

35 

2.830E-4 

34.111 

30.699 

2840 

78.78 

2.2646 

1257266 

0.0099 

33 

2.SS2E-4 

34.421 

30.978 

2840 

79.87 

2.2”2 

1257298 

0.0099 

32 

3.142E-4 

34.721 

31.247 

2840 

80. 85 

2.2845 

1257327 

0.0099 

30 

3.275E-4 

35.046 

31.540 

2840 

El. 54 

2 . 254€ 

1257357 

0.009B 

29 

3.408E-4 

35.349 

2840 

82.98 

2.3041 

1257385 

0.009B 

27 

3.564E-4 

35.677 

32.107 

2840 

E  4 . 1 ; 

2.5242 

1257413 

0.0099 

26 

3.81SE-4 

35.981 

32.390 

2840 

85.17 

2.3237 

1257438 

0.009B 

24 

4.116E-4 

36.327 

32.692 

2840 

E  €  :  2 

2.3337 

1257461 

0.0099 

23 

4.476E-4 

36.656 

32.989 

2840 

87.49 

2.3436 

1257482 

0.0100 

21 

4.84SE-4 

37.002 

33.288 

2840 

88.68 

2.3536 

1257502 

0.0099 

20 

5.1SCE-4 

37.350 

33.612 

2840 

89.89 

2.3635 

1257520 

0.0099 

18 

5.440E-4 

37.715 

33.941 

2840 

91.19 

2. 3 - 4 C 

1257538 

0.0098 

17 

5.778E-4 

38.061 

■4.251 

283S 

92. 3€ 

2.3832 

1257555 

0.0098 

16 

6.087E-4 

38.432 

34.584 

2838 

93.61 

2.3928 

1257570 

0.0098 

15 

6.33SE-4 

38.787 

.3-4.3  34 

2838 

94.90 

2  .  4  32 c 

1257584 

0.0097 

14 

6.857E-4 

38.161 

35.238 

2838 

96.23 

2.4126 

1257598 

0.0098 

13 

7.498E-4 

38.533 

35.573 

2838 

97.54 

2.4221 

1257612 

0.0099 

12 

8 -137E-4 

38.924 

35.923 

2838 

SB .  95 

2.4322 

1257623 

0.0098 

11 

8.917E-4 

40.317 

36.277 

2S3S 

100.38 

2.4423 

1257634 

0.0103 

11 

S.812E-4 

40.716 

36.633 

2838 

101.81 

2.4521 

1257644 

0.0101 

10 

1.055E-3 

41.118 

36.884 

2838 

103.15 

2 .4624 

1257652 

0.0102 

9 

1.150E-3 

41.584 

37.418 

2837 

105.14 

2.4746 

1257663 

0.0105 

8 

1.442E-3 

41 . 880 

37.671 

2S28 

106.32 

2.4825 

1257670 

0.0107 

7 

1.894E-3 

42.358 

38.078 

2821 

107.95 

2.4832 

1257676 

0.0109 

6 

2.505E-3 

42.725 

38.392 

2821 

109. 54 

2.5353 

1257680 

0.0103 

4 

2.860E-3 

43.172 

38.778 

2822 

111.60 

2.5163 

1257683 

0.0215 

6 

3.534E-3 

43.663 

39.215 

2818 

113.31 

2.5268 

1257686 

0.0202 

6 

3.370E-3 

. 321 

39.503 

114.94 

2.5365 

1257689 

DRDC  Atlantic  CR  2007-019 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 


Test  ID 

5086-FCG-3 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5086-H116 

Yield  (ksi) 

27.0 

Temperature 

(F) 

75 

Modulus  (Msi) 

10.5 

Environment 

Sea 

Water 

Specimen 

Dimensions  (in) 

Thickness 

0.456 

Height 

2.400 

Net  Thickness 

0.456 

Notch  Depth 

1.000 

Width 

4.001 

Gage  length 

0.500 

Frecrack 

Parameters 

Fmax  (lbs) 

877.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kmax  (ksi  scr[in]) 

4.50 

Test  Parameters 

EvBP 

Freq 

Fmax  R 

Ai  Kmaxi 

C 

DKi 

24.552 

5.00 

0  0.10 

1.185  2.90 

4.00 

0.00 

32.530 

5.00 

0  0.10 

1.489  9.65 

2.00 

0.00 

53.565 

5.00 

2630  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66551 

-13.32 

18.4601 

14.72 

-236.825 

-5 . 6 

1214.88 

. 

-2143.57 

Visual  Observations 


EvB/P 

Crack (EvB/P) 

Crack 'visual) 

Error 

CAF 

20.713 

1.016 

1.002 

-0.014 

1.024 

21.842 

1.074 

1.050 

-0.024 

1.021 

23.153 

1.137 

1.150 

0.013 

1.017 

23.897 

1.170 

1.200 

0.030 

1.015 

28.441 

1.352 

1.340 

-0.012 

1.006 

32.409 

1.484 

1.500 

0.016 

0.999 

44.737 

1.754 

1.750 

-0.004 

0.982 

53.608 

1.957 

1.950 

-0.007 

0.974 

107.893 

2.459 

2.500 

0.001 

0.947 

Comments 

Cate  of  test:  8/26/2006 

Waveform  Type  Sine 
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Tesr  ID  5086-FCG-3 


Smax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

24.55 

1.2004 

6238 

521 

24.64 

1.2024 

25700 

0.0069 

530 

24.75 

1.2073 

64978 

535 

24.87 

1.2121 

107788 

0.0044 

548 

24.  SB 

1.2165 

145913 

0.0048 

558 

25.05 

1.2217 

177157 

0.0048 

567 

25.21 

1.2266 

213681 

C  .  00  4  3 

576 

25.32 

1.2312 

244856 

0.0048 

587 

25.44 

1.2363 

266568 

C  .  3043 

5S7 

25.56 

1.2410 

291381 

0.0047 

607 

25.67 

1.2457 

316157 

0.004B 

617 

25.75 

1.2504 

34G435 

: . 3047 

627 

:  =  5  3 

1.2545 

363703 

0.004B 

638 

26.02 

1.2558 

386002 

0.0048 

645 

26.14 

1.2645 

407331 

: . 3047 

661 

26.27 

1.2697 

425752 

0.0047 

672 

26.35 

1.2742 

442231 

0.0047 

682 

26.50 

1.2786 

456564 

0.0047 

654 

26.62 

1.2833 

470767 

0.0046 

705 

26.74 

1.2875 

484417 

c . : :  4  c 

717 

26.86 

1.2926 

457446 

0.0047 

725 

26. SB 

1.2973 

505854 

: . 3047 

742 

27.10 

1.3021 

521022 

0.004B 

755 

27.23 

1.3070 

530950 

0 . 3043 

768 

27.36 

1.3118 

540382 

0.0048 

781 

27.45 

1.3166 

548824 

0 . 3047 

754 

27.61 

1.3212 

556771 

0.0047 

807 

27.73 

1.3258 

564321 

1 . 3047 

820 

27.86 

1.3303 

570755 

0.0046 

834 

27.58 

1.3350 

577170 

0 . 3047 

845 

28.11 

1.3355 

583268 

0.0046 

862 

28.24 

1.3443 

588345 

0 . 3047 

878 

28.33 

1.3455 

553684 

0.0048 

852 

28.50 

1.3537 

595276 

0.3043 

507 

28.64 

1.3588 

604355 

0.004B 

524 

28.78 

1.3638 

608677 

0.3047 

535 

28.51 

1.3686 

612336 

0.0048 

555 

29.04 

1.3731 

615425 

0 . 3047 

571 

29.18 

1.3778 

618320 

0.0047 

588 

29.31 

1.3826 

621051 

0 . 3047 

1004 

29.45 

1.3872 

623523 

0.0047 

1022 

29.59 

1.3521 

625840 

0  .  304  3 

1035 

29.72 

1.3967 

627523 

0.0047 

1056 

29.85 

1.4012 

625861 

0.0047 

Page  1 


dN 

da/dX 

Kirax  del"aK 

(in/cyc) 

(ksi [in] ~.S) 

58740 

1.173E-7 

2.973 

2.676 

82088 

1.18SE-7 

3.016 

2.714 

34574 

1.285E-7 

3.078 

2.770 

36526 

1.316E-7 

3.140 

2.826 

33558 

1.436E-7 

3.205 

2.8B4 

30555 

1.602E-7 

3.267 

2.540 

2S381 

1.73SE-7 

3.337 

3.003 

2710  6 

1.80SE-7 

3.401 

3.061 

25004 

1.S05E-7 

3.472 

3.125 

1.S84E-7 

3.542 

3.188 

23461 

1.S89E-7 

3.610 

3.245 

22355 

2.115E-7 

3.684 

3.316 

21006 

2.281E-7 

3.755 

3.379 

15422 

2.490E-7 

3.B36 

3.452 

17844 

2.718E-7 

3.911 

3.520 

16403 

2.S26E-7 

3.950 

3.591 

15015 

3.127E-7 

4.065 

3.662 

14017 

3.302E-7 

4.146 

3.731 

13132 

3.S33E-7 

4.225 

3.806 

12331 

3.815E-7 

4.312 

3.881 

11603 

4.150E-7 

4.358 

3.558 

10735 

4.S54E-7 

4.488 

4.039 

9888 

4.S42E-7 

4.575 

4.121 

9078 

5.322E-7 

4.674 

4.206 

3  0  0  3 

5.714E-7 

4.767 

4.291 

7703 

6.117E-7 

4.863 

4.377 

7148 

6.551E-7 

4.957 

4.461 

6588 

7.085E-7 

5.056 

4.551 

6152 

7.734E-7 

5.155 

4.639 

5826 

8.108E-7 

5.256 

4.730 

5601 

8.475E-7 

5.367 

4.830 

5251 

9.017E-7 

5.465 

4.519 

4B45 

S.785E-7 

5.584 

5.025 

4513 

1.0S3E-6 

5.654 

5.125 

4106 

1.242E-6 

5.811 

5.230 

3625 

1.3S7E-6 

5.930 

5.337 

3154 

1.532E-6 

6.04S 

5.443 

2861 

1.680E-6 

6.169 

5.553 

2  3  3  3 

1.833E-6 

6.290 

5.661 

2406 

1.S73E-6 

6.421 

5.779 

2.13SE-6 

6.544 

5.890 

2066 

2.318E-6 

6.675 

6.008 

1850 

2.51SE-6 

6.813 

6.131 
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Test  ID  5036-FCG-3  Page  2 


Pmax 

EvB/P 

a 

N 

da 

cM 

da./dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(JcsitinJ'-.S) 

1075 

30.00 

1.4063 

631777 

0.0047 

1728 

2.758E-6 

6.946 

6.251 

1093 

30.14 

1.4111 

633444 

0.0047 

1553 

3.036E-6 

7.086 

6.378 

1110 

30.28 

1.4155 

634365 

0.0047 

1455 

3.315E-6 

7.226 

6.503 

1129 

30.41 

1.4201 

636206 

0.0047 

1327 

3.556E-6 

7.365 

6.632 

1148 

30.56 

1.4250 

637480 

0.0047 

1218 

3.541E-6 

7.512 

6.761 

1167 

30.70 

1.4296 

638617 

0.0048 

1116 

4 . 32 EE-6 

7.663 

6.501 

1188 

30.85 

1.4345 

639738 

0.0047 

1026 

4.720E-6 

7.823 

7.041 

1209 

31.01 

1.4395 

640752 

0.0047 

540 

5.166E-6 

7.981 

7.183 

1229 

31.15 

1.4441 

641563 

0.0048 

866 

5 . 608E-6 

8.140 

7.326 

1249 

31.28 

1.4485 

642361 

0.0047 

785 

6.080E-6 

8.303 

7.473 

1270 

31.44 

1.4534 

643122 

0.0047 

717 

6.554E-6 

8.466 

7.619 

1292 

31.59 

1.4582 

643312 

0.0047 

673 

7.114E-6 

8.636 

7.773 

1313 

31.74 

1.4629 

644469 

0.0048 

627 

7.674E-6 

8.811 

7.530 

1336 

31.89 

1.4676 

645054 

0.0047 

582 

8.176E-6 

8.983 

B.OBS 

1359 

32.04 

1.4724 

645603 

0.0094 

1071 

8.773E-6 

9.165 

8.249 

1381 

32.19 

1.4770 

646125 

0.0093 

1009 

9.156E-6 

5.343 

B.413 

32.33 

1.4817 

646612 

32.53 

1.4877 

647008 

1427 

32.73 

1.4937 

647606 

0.0151 

1479 

1.021E-5 

9.816 

8.835 

1445 

33.03 

1.5028 

648487 

0.0188 

1702 

1.107E-S 

5.554 

8.555 

1465 

33.35 

1.5125 

649308 

0.0195 

1617 

1.206E-5 

10.150 

5.135 

1486 

33.68 

1.5223 

650104 

0.0095 

787 

1.208E-5 

10.353 

9.318 

1506 

34 . 01 

1.5318 

650927 

0.0097 

754 

1.274E-5 

:: . 56i 

5.505 

1526 

34.34 

1.5413 

651668 

0.0095 

727 

1.314E-5 

10.773 

5.695 

1547 

34.67 

1.5510 

652327 

0.0095 

691 

1.373E-5 

10.590 

9.891 

1569 

35.02 

1.5607 

653013 

0.0095 

654 

1.452E-5 

11.200 

10.080 

1588 

15.34 

1.5695 

653671 

0.0096 

636 

1.505E-5 

11.426 

10.283 

1609 

35.68 

1.5791 

654248 

0.0096 

617 

1.548E-5 

11.651 

10.486 

1633 

36.05 

1.5891 

654351 

0.0095 

588 

1.61SE-5 

11.884 

10.695 

1655 

36.41 

1.5988 

655482 

0.0096 

562 

1.652E-5 

12.126 

10.513 

1677 

36.77 

1.6084 

656031 

0.0096 

546 

1.750E-5 

12.369 

11.132 

1700 

37.13 

1.6177 

656540 

0.0095 

526 

1.818E-5 

:: . 6.1 

11.351 

1722 

37.49 

1.6271 

657043 

0.0095 

457 

1.501E-5 

12.860 

11.574 

1745 

37.86 

1.6365 

657523 

0.0095 

478 

1.57 EE-5 

13.114 

11.803 

1768 

38 .23 

1.6460 

658004 

0.0095 

466 

2.042E-5 

13.371 

12.034 

1792 

38.61 

1.6555 

658463 

0.0096 

448 

2.125E-5 

13.641 

12.277 

1816 

39.01 

1.6654 

658900 

0.0095 

430 

2.213E-5 

13.505 

12.518 

1840 

39.40 

1.6748 

659337 

0.0095 

412 

2.306E-5 

14.192 

12.773 

1865 

39.80 

1.6846 

659730 

0.0096 

357 

2.403E-5 

14.466 

13.015 

1889 

4  0.13 

1.6935 

660100 

0.0095 

384 

2.455E-5 

14.^55 

13.277 

1913 

40.58 

1.7029 

660474 

0.0095 

364 

2.S5SE-5 

15.047 

13.543 

1940 

41.02 

1.7130 

660347 

0.0055 

351 

2.701E-5 

15.343 

13.808 

1966 

41.43 

1.7226 

661203 

0.0096 

335 

2.838E-5 

15.654 

14.088 

1991 

41.34 

1.7319 

661520 

0.0056 

324 

2.976E-5 

15.964 

14.367 

2018 

42.27 

1.7415 

661833 

0.0096 

307 

3.127E-5 

16.281 

14.653 
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Test  TD  S086-FCG-3 


E  iu1?  3 


?max 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi[in]/'.S) 

2045 

42.72 

1.7512 

662132 

0.00S5 

285 

3.2S3E-5 

16.603 

14.543 

2071 

43.16 

1.7608 

662416 

0.0056 

275 

3.430E-5 

16.536 

15.242 

2058 

43.60 

1.7704 

662686 

0.0057 

267 

3.626E-5 

17.265 

15.538 

2125 

44.03 

1.7755 

662537 

0.0056 

252 

3.8O0E-5 

17.613 

15.852 

2154 

44.5] 

1.7BS4 

663155 

0.0056 

240 

4.014E-5 

17.565 

16.172 

2183 

45.01 

1.7558 

663432 

0.0056 

228 

4.226E-5 

18.321 

16.488 

2210 

45.44 

1.8086 

663643 

0.0056 

218 

4.413E-5 

18.655 

16.829 

2235 

45.52 

1.8183 

663S53 

0.0055 

206 

4.610E-5 

15.057 

17.152 

2268 

46.40 

1.8278 

664054 

0.0054 

157 

4.8O0E-5 

15.430 

17.487 

2256 

46.  SB 

1.8371 

664246 

0.00S6 

151 

5.02SE-5 

15.811 

17.830 

2325 

47.37 

1.8466 

664425 

0.0056 

182 

5.27SE-5 

20.201 

18.181 

2355 

47.85 

1.8564 

664612 

0.0056 

173 

5.567E-5 

20.604 

18.544 

2386 

48.41 

1.8663 

664786 

0.0056 

164 

5.832E-5 

21. 024 

13.522 

2418 

43.55 

1.8762 

664545 

0.0056 

156 

6.207E-5 

21.436 

19.293 

2447 

45.44 

1.8853 

665085 

0.0057 

147 

6.571E-5 

21.869 

19.682 

2478 

45.57 

1.8548 

665231 

0.0056 

138 

6.S75E-5 

22.288 

1  0  .  1  3  5 

2505 

50.51 

1.5044 

665365 

0.0056 

130 

7.371E-5 

22.737 

20.463 

2542 

51.08 

1.5143 

665453 

0.0056 

125 

7.763E-5 

23.151 

20.872 

2575 

81 . 65 

1.5242 

665615 

0.0057 

118 

8.206E-5 

23.650 

21.285 

2606 

52.20 

1.5335 

665726 

0.0185 

223 

8.4S1E-5 

24 . 126 

21.713 

2635 

52.77 

1.5431 

665838 

0.0155 

214 

S.113E-5 

24.601 

22.140 

53.37 

1.5530 

665540 

53.56 

1.5627 

666037 

2630 

54.52 

1.5716 

666147 

0.018B 

224 

8.411E-5 

25.064 

22.558 

2630 

55.15 

1.5816 

666261 

0.0157 

215 

8.S83E-S 

25.233 

22.710 

2630 

55.77 

1.5513 

666366 

0.0153 

207 

S.315E-5 

25.422 

22.S3C 

2630 

56.35 

2.0005 

666468 

0.0057 

104 

S.33SE-5 

25.611 

23.050 

2630 

57.02 

2.0105 

666570 

0.0057 

102 

S.51SE-5 

25.310 

23.220 

2630 

57.65 

2.0155 

666667 

0.00S6 

100 

S.623E-5 

25.555 

23.395 

2630 

53.32 

2.0258 

666765 

0.00S6 

58 

S.778E-5 

26.152 

23.572 

2630 

55.01 

2.0357 

666871 

0.0057 

57 

S.S71E-5 

26.390 

23.750 

2630 

55.66 

2.0450 

666564 

0.0058 

56 

1.01SE-4 

26.554 

23.535 

2630 

60.36 

2.0588 

667057 

0.0057 

54 

1.038E-4 

26.797 

24.117 

2630 

61.07 

2.0686 

667151 

0.0057 

SO 

1.067E-4 

27.009 

24.3 08 

2630 

61.80 

2.0787 

667245 

0.0058 

85 

1.05SE-4 

27.215 

24.497 

2630 

62.51 

2.0B82 

667330 

0.0057 

87 

1.120E-4 

27.433 

24.650 

2630 

63.23 

2.0576 

667411 

0.0057 

84 

1.14SE-4 

27.650 

24.835 

2630 

63.55 

2.1076 

667457 

0.0057 

82 

1.134E-4 

27.865 

25.078 

2630 

64.75 

2.1172 

667578 

0.0057 

75 

1.213E-4 

28.086 

25.277 

2630 

65.45 

2 . 1266 

667654 

0.00S6 

78 

1.23SE-4 

:: . 315 

25.433 

2630 

66.31 

2.1367 

667734 

0.0057 

75 

1.281E-4 

28.537 

25.684 

2630 

67.05 

2.1462 

667806 

0.0057 

72 

1.333E-4 

28.767 

25.885 

2630 

67.86 

2.1554 

667877 

0.0057 

70 

1.388E-4 

25.003 

26.103 

2630 

6  3.7  3 

2.1655 

667547 

0.0057 

67 

1.447E-4 

25.236 

26.312 

2630 

65.56 

2.1754 

668011 

O.OOSB 

66 

1.500E-4 

25.477 

26.525 
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Ptnax 

EvB/P 

a 

H 

da 

dN 

da/ dlC 

Krcax 

del-aK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi  [: 

•nJ-.S) 

2630 

70.38 

2.1848 

668072 

0.0099 

64 

1.S54E-4 

29.727 

26.754 

2630 

71.27 

2.1947 

668136 

0.0098 

61 

1.600E-4 

29.979 

26.981 

2630 

72.20 

2.2051 

668200 

0.0098 

59 

1.648E-4 

30.235 

27.211 

2630 

73.10 

2.2149 

668258 

0.0098 

58 

1.705E-4 

30.496 

27.447 

2630 

74.00 

2.2245 

668313 

0.009B 

55 

1.773E-4 

30.757 

27.631 

2630 

74.93 

2.2342 

668367 

0.0097 

52 

1.850E-4 

3  -  .  316 

27.914 

2630 

75.85 

2.2437 

668417 

0.0097 

50 

1.926E-4 

31.282 

28.153 

2630 

76.81 

2.2534 

668466 

0.0097 

48 

2.004E-4 

31 .550 

28.394 

2630 

77.78 

2.2631 

668513 

0.0097 

46 

2.0S8E-4 

31.825 

28.642 

2630 

7B.79 

2.2729 

668559 

0.0098 

45 

2.189E-4 

32.133 

2B.892 

2630 

79.79 

2.2826 

668603 

0.009B 

43 

2.306E-4 

32.389 

29.150 

2630 

3 

2.2924 

668645 

0.0098 

41 

2.425E-4 

32.683 

29.414 

2630 

81.93 

2.3027 

668685 

0.0098 

39 

2.S47E-4 

32.976 

29.678 

2630 

82.99 

2.3123 

668721 

0.0098 

37 

2.668E-4 

33.276 

29.948 

2630 

94. 75 

2.3218 

668756 

0.009B 

35 

2.754E-4 

33.582 

30.223 

2630 

85.20 

2.3319 

668792 

0.009B 

33 

2.936E-4 

33.883 

30.493 

2630 

86.32 

2.3415 

668824 

0.0098 

32 

3.093E-4 

34.203 

30.781 

2630 

87.49 

2.3514 

668S55 

0.009B 

30 

3.278E-4 

34  311 

31. 169 

2630 

8B.70 

2.3615 

668885 

0.0098 

28 

3. SO IE- 4 

34.B43 

31.362 

2630 

89.90 

2.3713 

668912 

0.0099 

27 

3.740E-4 

35.170 

31.651 

2630 

91.04 

2.3804 

668936 

0.0098 

25 

3.964E-4 

35.513 

31.960 

2630 

92.36 

2.3908 

668961 

0.0098 

23 

4.216E-4 

3E . 341 

32.255 

2630 

93.64 

2.4007 

668983 

0.009B 

22 

4.449E-4 

36.189 

32.568 

2630 

94.89 

2.4101 

669004 

0.0099 

21 

4.660E-4 

36.544 

3  2  3  3  3 

2630 

96.25 

2.4202 

669025 

0.0099 

20 

4.SS7E-4 

36.901 

33.208 

2630 

97.64 

2.4303 

669045 

0.0099 

19 

5.084E-4 

37.259 

33.530 

2630 

98.95 

2.4396 

669063 

0.0099 

18 

5.3S8E-4 

37.645 

33.877 

2630 

100.44 

2.4501 

669083 

0.009B 

17 

5.870E-4 

38.008 

34.204 

2630 

101.87 

2.4598 

669099 

0.0097 

16 

6.443E-4 

38.396 

34.552 

2630 

103.28 

2.4693 

669113 

0.009B 

14 

7.180E-4 

38.775 

34.893 

2629 

104.74 

2.4789 

669126 

0.0099 

13 

7.870E-4 

39.165 

35.243 

2629 

106.27 

2.4887 

669138 

0.0100 

12 

8.697E-4 

39.555 

35.592 

2630 

107.78 

2.4983 

669148 

0.010B 

11 

1.000E-3 

39.991 

35.985 

2629 

109.53 

2.5095 

669160 

0.0102 

10 

1.120E-3 

43. 412 

36.350 

2628 

111.17 

2.5197 

669169 

0.0104 

9 

1.227E-3 

40.961 

36.854 

2630 

113.47 

2.5338 

669177 

0.010B 

8 

1.377E-3 

41.283 

37.137 

2626 

114.53 

2.5401 

669184 

0.0175 

14 

1.251E-3 

41.B44 

37.637 

2623 

116.43 

2.5513 

669191 

0.0230 

13 

1.770E-3 

42.190 

37.938 

118 .50 

2.5631 

669197 
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Automated  Fatigue  Crack 
Growth  Rate  Analysts 


Test  ID 

5086-FCG-45 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Hater ial 

5383-K116 

Yield  (ksi) 

35.4 

Temperature 

(F)  75 

Modulus  (Msi) 

10.5 

Environment 

RH  =  40% 

Specimen 

Dimensions  (in) 

Thickness 

0.4S6 

Height 

2.400 

Met  Thickness  0.4S6 

Ketch  Depth 

1.000 

Width 

4.000 

Gage  Length 

0.500 

Erecrack 

Earar.eters 

Enax  (lbs) 

85S.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Fm-ax  (ksi  scrfinl) 

4.41 

Test  Parameters 

EvBF 

Freq  Enax  R 

Ai  Kmaxt 

C 

DKi 

23.716 

5.00  0  0.10 

1.140  2.80 

4.00 

0.00 

33.522 

5.00  0  0.10 

1.451  9.69 

2.00 

0.00 

52.247 

5.00  2750  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.38 

-2143.57 

Visual  Observations 

EvB/P  Crack  !EvB/P)  Crack (visual)  Error 

CAF 

20.753 

0.983  1.002 

0.019 

0.593 

21.841 

1.040  1.040 

0.000 

0.992 

23.480 

1.121  1.100 

-0.021 

0.990 

23.760 

1.134  1.170 

0.036 

0.989 

26.667 

1.260  1.260 

0.000 

0.937 

27.531 

1.294  1.280 

-0.014 

0.936 

30.33S 

1.357  1.380 

-0.017 

0.SS3 

34.274 

1.524  1.490 

-0.034 

0.981 

43.661 

1.865  1.880 

0.015 

0.973 

5S.300 

2.043  2.080 

0.037 

0.S6S 

66.61S 

2.142  2.120 

-0.022 

0.967 

101.006 

2.462  2.460 

-0.002 

0.960 

Comments 

Cate  of  test:  S/9/2006 
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Waveform  Type 


Sine 


Test  TD  5086-FCG-45 


Ptaax 

EvB/P 

a 

H 

da 

(lb) 

(in) 

(in) 

23.78 

1.1354 

33353 

S3S 

23.89 

1.1402 

83477 

0.0093 

544 

23.99 

1.1447 

140383 

0.0099 

554 

24.10 

1.1501 

185275 

0.0050 

564 

24.22 

1.1554 

233480 

0.0050 

572 

24.32 

1.1599 

277489 

0.0050 

582 

24.44 

1.1652 

305241 

0.0050 

5S3 

24 . 55 

1.1701 

340750 

0.0049 

€02 

24. 66 

1.1750 

374683 

0.0049 

613 

24.7’ 

1.1800 

402556 

0.0048 

€22 

24.87 

1.1846 

428006 

0.0048 

€33 

24.99 

1.1895 

452244 

0.0050 

€44 

25.10 

1.1943 

475755 

0.0049 

€54 

25.21 

1.1991 

498053 

0.0049 

€€7 

25.34 

1.2048 

518413 

0.0048 

678 

25.45 

1.2094 

536333 

0.0050 

€85 

25.56 

1.2142 

551568 

0.0050 

700 

25.66 

1.2186 

567233 

0.0049 

713 

25.79 

1.2242 

582744 

:  .  3  C  4  5 

725 

25.91 

1.2288 

595772 

0.0049 

737 

26.03 

1.2340 

607561 

0.0049 

750 

26.15 

1.2388 

618605 

0.0048 

7  €2 

26.26 

1.2436 

625031 

C  .  )  C  4  3 

774 

26.37 

1.2481 

638463 

0.0048 

788 

26.49 

1.2531 

647302 

C .304 3 

800 

26.61 

1.2578 

656441 

0  .  0  0  4  5 

815 

26.74 

1.2631 

664786 

0.0050 

828 

26.55 

1.2677 

671355 

0.0049 

843 

26.98 

1.2727 

675160 

: .  3  C  5  3 

858 

27.12 

1.2781 

685329 

0.0048 

872 

27.23 

1.2827 

651736 

C.3C54 

886 

27.35 

1.2B7S 

697072 

0.0054 

901 

27.47 

1.2522 

701350 

0.0390 

1014 

2B.37 

1.3265 

726464 

0.0352 

1031 

28.50 

1.3313 

728555 

0.0099 

1048 

28.64 

1.3363 

731308 

0.0099 

1066 

28.77 

1.3412 

733382 

0.0099 

1084 

2B.90 

1.3462 

735297 

0.0049 

1102 

29.04 

1.3510 

736572 

0.0049 

1121 

29.17 

1.3559 

738453 

0.0049 

1140 

29.31 

1.3605 

735513 

0.0049 

1160 

29.45 

1.3655 

741247 

0.0049 

1179 

29.58 

1.3708 

742350 

C  .  3  C  -1 9 

1199 

29.72 

1.3757 

743407 

0.0049 

152 
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dN 

da/dX 

Kir-ax  deltaK 

(in/cyc) 

(ksi[in]~.S) 

107030 

8.711E-B 

2.916 

2.625 

105B02 

9.340E-8 

2.977 

2.680 

45981 

1.0S5E-7 

3.037 

2.734 

42875 

1.212E-7 

3.09S 

2.788 

39050 

1.328E-7 

3.165 

2.845 

35546 

1.427E-7 

3.227 

2.904 

32421 

1.S35E-7 

3.293 

2.563 

29126 

1.674E-7 

3.360 

3.024 

27752 

1.767E-7 

3.425 

3.083 

26217 

1.880E-7 

3.455 

3.145 

23955 

2.059E-7 

3.563 

3.207 

22380 

2.211E-7 

3.634 

3.270 

20594 

2.426E-7 

3.713 

3.342 

19165 

2.607E-7 

3.784 

3.406 

17832 

2.840E-7 

3.866 

3.479 

16287 

3.041E-7 

3.938 

3.544 

14858 

3.305E-7 

4.022 

3.620 

13625 

3.63SE-7 

4.058 

3.6B5 

12911 

3.919E-7 

4.187 

3.769 

11B72 

4.203E-7 

4.271 

3.844 

10760 

4.S08E-7 

4.356 

3.920 

10112 

4.775E-7 

4.441 

3.597 

5538 

5.086E-7 

4.530 

4.077 

8875 

5.444E-7 

4.616 

4.155 

S35S 

5.857E-7 

4.714 

4.242 

7854 

6.358E-7 

4.805 

4.325 

7406 

6.758E-7 

4.907 

4.416 

6772 

7.370E-7 

5.007 

4.506 

6101 

8.065E-7 

5.108 

4.597 

11243 

8.360E-7 

5.212 

4.691 

5654 

S.755E-7 

5.314 

4.782 

29392 

1.326E-6 

0.000 

0.000 

27605 

1.418E-6 

0.000 

0.000 

4844 

2.034E-6 

6.358 

5.723 

4387 

2.256E-6 

6.485 

5.836 

3985 

2.477E-6 

6.617 

5.555 

1820 

2.783E-6 

6.748 

6.073 

1657 

3.053E-6 

6.885 

6.196 

1501 

3.346E-6 

7.023 

6.321 

1352 

3.702E-6 

7.166 

6.450 

1233 

4.075E-6 

7.311 

6.5B0 

1137 

4.436E-6 

-  .  46C 

6.714 

1036 

4.757E-6 

7.607 

6.846 
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Test 

ID  S0B6- 

-FCG-4S 

Pir.ax 

EvB/P 

a 

(lb) 

(in) 

1215 

25.86 

1.3805 

1240 

29.55 

1.3853 

1260 

30.13 

1.3902 

1281 

30.27 

1.3950 

1304 

30.42 

1.4000 

1326 

30.56 

1.4050 

1348 

30.71 

1.4055 

1372 

30.85 

1.4145 

1355 

31.00 

1.4155 

1415 

31.15 

1.4248 

31.25 

1.4255 

35.34 

1.5548 

1744 

35. 6B 

1.5642 

1767 

36.03 

1.5741 

1751 

36.38 

1.5835 

1815 

36.74 

1.5935 

1840 

37.11 

1.6038 

1864 

37. 4B 

1.6137 

1850 

37.86 

1.6235 

ISIS 

38.24 

1.6337 

1540 

38.61 

1.6433 

1565 

38.55 

1.6525 

1551 

35.39 

1.6628 

2018 

39. 7B 

1.6727 

2045 

40. IB 

1.6827 

2072 

40.59 

1.6926 

2055 

41.01 

1.7025 

2128 

41.43 

1.7125 

2156 

41.86 

1.7225 

2184 

42.27 

1.7320 

2213 

42.71 

1.7421 

2242 

43.15 

1.7515 

2271 

43.55 

1.7616 

2300 

44.03 

1.7713 

2332 

44.52 

1.7817 

2362 

44.55 

1.7917 

2351 

45.43 

1. 8  310 

2423 

45.91 

1.8110 

2456 

46.43 

1.8215 

2486 

46.85 

1.8305 

2518 

47.35 

1.8407 

2551 

47.85 

1.8506 

2581 

48. 3B 

1.8600 

2615 

48.91 

1.8702 

2645 

49.46 

1.8805 

N 

da 

(in) 

dN 

744372 

0.0045 

543 

745277 

0.0045 

B73 

746130 

0.0045 

817 

746903 

0.0045 

755 

747626 

0.0049 

706 

748305 

0.0050 

656 

748527 

0.0050 

611 

745510 

0.0045 

568 

750065 

0.0055 

1057 

750567 

751034 

2545 

0.0097 

965 

3058 

0.0153 

1035 

3584 

0.0197 

1040 

4058 

0.0159 

1004 

4588 

0.0055 

482 

5054 

0.0059 

463 

5507 

0.0095 

441 

5551 

0.0098 

423 

6364 

0.009B 

406 

6746 

0.0098 

385 

7127 

0.009B 

371 

7452 

0.00SB 

355 

7841 

0.0055 

341 

8174 

0.0095 

327 

8452 

0.0055 

313 

8754 

0.0099 

298 

5051 

0.0095 

285 

5372 

0.0059 

273 

5625 

0.0055 

255 

5885 

0.0098 

246 

1C12S 

0.0095 

236 

3^3 

0.0055 

228 

10564 

0.0058 

214 

10750 

0.0099 

201 

1C  555 

0.0100 

151 

11168 

0.0055 

181 

11332 

0.009B 

165 

11497 

0.0098 

160 

11652 

0.0098 

153 

11806 

0.0095 

148 

11552 

0.009B 

141 

12086 

0.0100 

135 

111-5 

0.0055 

127 

12345 

0.0059 

120 
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da/dK  Kmax  deltaK 

(in/cyc)  (ksi[in]~.S) 


5 . 1S8E-6 

7.760 

6.584 

5.556E-6 

7.914 

7.122 

6.04SE-6 

8.072 

7.265 

6.551E-6 

8.235 

7.411 

7.078E-6 

8.401 

7.561 

7.632E-6 

8.572 

7.715 

8.155E-6 

8.748 

7.873 

8 -750E-6 

8.926 

8.033 

S.336E-6 

9.106 

3.155 

S.S6SE-6 

5.251 

8.361 

1.858E-5 

12.504 

11.253 

1.835E-5 

12.749 

11.474 

1.S81E-5 

13.006 

11.706 

2.060E-5 

13.2 6 6 

11.535 

2.143E-5 

13.533 

12.180 

2 -23SE-5 

13.805 

12.428 

2.323E-5 

14.084 

12.675 

2.41SE-5 

14.367 

12.530 

2.521E-5 

14.651 

13.186 

2.63SE-5 

14.941 

13.447 

2.764E-5 

15.238 

13.714 

2.8SSE-5 

15.546 

13.591 

3.033E-5 

15.857 

14.272 

3.171E-5 

16.177 

14.560 

3.311E-S 

16.506 

1 4 . 8  5  6 

3.466E-5 

16.835 

15.155 

3.625E-5 

17.176 

15.458 

3.7SSE-5 

17.524 

15.772 

3.552E-5 

17.868 

16.081 

4.134E-5 

18.228 

16.435 

4.367E-5 

18.588 

16.729 

4.S74E-5 

18 . 970 

17.073 

4.8S8E-5 

19.347 

17.413 

5.261E-5 

19.736 

17.762 

5.575E-5 

20.134 

18.121 

5.868E-5 

20.535 

18.485 

6.157E-5 

20.943 

18.848 

6.371E-5 

21.376 

19.238 

6.613E-5 

21.793 

19.614 

6 . 556E-5 

22.213 

19.997 

7.377E-5 

22.669 

20.402 

7.821E-5 

23.119 

2  3.3  37 

8.301E-5 

23.557 

21.237 
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Test  ID  S0S6-FCG-45  Page  3 


Pntax 

EvB/P 

a 

H 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(lest  [in]  ~. 5) 

2685 

50.01 

1.8906 

12462 

0.0100 

114 

8.82SE-5 

24.066 

21.660 

2717 

50 . 53 

1.9001 

12569 

0.0194 

210 

5.254E-5 

24.557 

22.101 

2751 

51.08 

1.9100 

12672 

0.0201 

200 

1.004E-4 

25.042 

22.538 

51.65 

1.9201 

12769 

52.25 

1.9306 

.51-5 

2750 

52.76 

1.9394 

12970 

0.018B 

201 

9.340E-5 

25.587 

23.028 

2750 

53.34 

1.9494 

1207c 

0.0197 

205 

9.430E-5 

.5.-65 

23.188 

2750 

53.92 

1.9591 

13179 

0.0197 

205 

5.5SSE-5 

25.955 

23.363 

2750 

54 . 52 

1.9690 

13281 

0.0099 

101 

9.807E-5 

26.152 

23.537 

2750 

55.13 

1.9790 

13380 

0.0095 

55 

9.57SE-5 

26.351 

23.716 

2750 

55.76 

1.9889 

13478 

0.0100 

58 

1.017E-4 

.6.553 

23.897 

2750 

56.39 

1.9990 

13577 

0.0100 

56 

1.037E-4 

26.755 

24.075 

2750 

57.02 

2.0088 

13671 

0.0100 

54 

1.06CE-4 

26.963 

24.267 

2750 

57.68 

2.0189 

13765 

0.0095 

52 

1.0SSE-4 

27.172 

24.454 

2750 

58.35 

2.0289 

13855 

0.0055 

85 

1.107E-4 

27.384 

24.645 

2750 

59.01 

2.0388 

13942 

0.0100 

88 

1.127E-4 

27.557 

24.837 

2750 

59.68 

2.0486 

14027 

0.0095 

86 

1.148E-4 

27.810 

25.025 

2750 

60.35 

2.0583 

14113 

0.0095 

84 

1.171E-4 

28.032 

25.228 

2750 

61.07 

2.0685 

14200 

0.0100 

82 

1.21QE-4 

28.250 

25.425 

2750 

61.78 

2.0784 

14281 

0.0095 

80 

1.252E-4 

28.478 

25.630 

2750 

62.50 

2.0882 

14357 

0.0100 

77 

1.254E-4 

28.711 

25.840 

2750 

63.26 

2.0586 

14433 

0.0100 

75 

1.33SE-4 

28.933 

26.044 

2750 

63.99 

2.1083 

14504 

0.0100 

73 

1.370E-4 

29.178 

26.260 

2750 

64.75 

2.1182 

14577 

0.0055 

70 

1.401E-4 

25.414 

26.473 

2750 

65.53 

2.1283 

14648 

0.0201 

135 

1.445E-4 

29.656 

26.691 

2750 

66.32 

2.1383 

14716 

0.0155 

131 

1.452E-4 

25.858 

26.508 

2750 

67.08 

2.1478 

14775 

0.1002 

567 

1.767E-4 

0.000 

0.000 

2750 

74.99 

2.2385 

15283 

0.0555 

543 

1.83SE-4 

2.32  3 

0 .  C  0  0 

2750 

75.56 

2.2477 

15322 

0.0153 

81 

2.3S8E-4 

32.857 

25.570 

2750 

76.54 

2.2578 

15364 

0.0202 

81 

2.4S8E-4 

33.135 

25.824 

2750 

77.83 

2.2678 

15403 

0.0155 

75 

2.596E-4 

33.430 

30.086 

2750 

78.77 

2.2773 

15435 

0.0100 

36 

2.73SE-4 

33.727 

30.354 

2750 

79.75 

2.2869 

15472 

0.0095 

34 

2.536E-4 

34.025 

30.625 

2750 

80.81 

2.2971 

15505 

0.0059 

32 

3.103E-4 

34 . 340 

'  '  :  :>4 

2750 

81.90 

2.3074 

15537 

0.0100 

30 

3.280E-4 

34.655 

31.189 

2750 

52.95 

2.3172 

15567 

0.0095 

25 

3.467E-4 

3,.  56  3. 

31.484 

2750 

84.05 

2.3273 

15595 

0.0100 

28 

3.643E-4 

35.302 

31.771 

2750 

85.15 

2.3371 

15621 

0.0100 

27 

3.804E-4 

35.627 

32.C63 

2750 

86.22 

2.3465 

15644 

0.0101 

25 

3.980E-4 

35.973 

32.374 

2750 

87.47 

2.3573 

-2  6-- 

0.0100 

24 

4.198E-4 

3.4 . 312 

81.6-5 

2750 

8B.67 

2.3675 

15656 

0.0100 

22 

4.4S2E-4 

36.675 

33.005 

2750 

89.90 

2.3777 

15718 

0.0101 

21 

4.872E-4 

37.028 

33.323 

2750 

91.09 

2.3873 

15737 

0.0101 

15 

5.320E-4 

37.385 

33.644 

2750 

92.31 

2.3971 

15755 

0.0100 

17 

5.862E-4 

37.745 

33.567 

2750 

93.57 

2.4070 

15771 

0.0099 

16 

6.33SE-4 

38.122 

34.306 
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Test 

ID  5086- 

-FCG-45 

Pir.ax 

EvB/P 

a 

(lb) 

(in) 

2750 

54.55 

2.4176 

2750 

56.23 

2.4273 

2745 

57.60 

2.4374 

2745 

SB. 59 

2.4475 

2745 

100.36 

2.4572 

2745 

101.85 

2.4677 

2745 

103.38 

2.4782 

2745 

105.40 

2.4915 

2740 

106.45 

2.4590 

2735 

10B .22 

2.5103 

2737 

109.87 

2.5208 

2730 

111.55 

2.5314 

113.12 

2.5407 

N 

da 

(in) 

dN 

15787 

0.0100 

15 

15800 

0.0100 

13 

15813 

0.0101 

12 

15824 

0.0101 

11 

-3  524 

0.0108 

10 

15  =  45 

0.0103 

5 

15854 

0.0105 

8 

15:61 

0.0106 

7 

15867 

0.0106 

5 

15871 

0.0104 

4 

15874 

0.0211 

6 

15  =  77 

15875 

0.0159 

5 

Page  4 


da/ dl» 

Kntax 

deltaK 

(in/cyc) 

(ksi[in]".5) 

7.072E-4 

38.452 

34.637 

7.746E-4 

38.885 

34.594 

8.3S1E-4 

35.274 

35.335 

9.128E-4 

35.668 

35.694 

1.0S3E-3 

4: .  v;: 

36.064 

1.20SE-3 

40.456 

36.437 

1.473E-3 

41.004 

36.8B7 

1.871E-3 

41.314 

37.159 

2.3S8E-3 

41.849 

37.631 

2.588E-3 

41 . 162 

37.901 

3.S14E-3 

42.583 

3B.268 

3.S87E-3 

42.963 

38. 595 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 
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Test  ID 

508  6-FCG-4pt5 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5383-K116 

Yield  (ksi) 

35.4 

Temperature 

<F)  75 

Mcdulus  (Msi) 

10.5 

Environment 

RH  =  40% 

Specimen 

Dimensions  (in) 

Thickness 

0.496 

Height 

2.400 

Met  Thickness  0.496 

Notch  Depth 

1.000 

Width 

4.000 

Gage  Length 

0.500 

Frecrack 

Parameters 

Fnax  (lbs) 

859.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kr-ax  (ksi  scr[in]) 

4.41 

Test  Parameters 

EvBP 

Freq  Fnax  R 

Ai  Kmaxi 

C 

DKi 

23.720 

0.50  0  0.10 

1.140  2.80 

4.:o 

0.00 

31.406 

0.50  0  0.10 

1.451  9.69 

2.00 

0.00 

52.250 

0.50  2750  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff  C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

-2143.57 

Visual  Observations 

EvB/P  Crack lEvB/P)  Crack (visual)  Error 

CAF 

20.753 

0.983  1.002 

0.019 

0.993 

21.841 

1.040  1.040 

0.000 

0.992 

23.480 

1.121  1.100 

-0.021 

0.990 

23.760 

1.134  1.170 

0.036 

0.989 

26.667 

1.260  1.260 

0.000 

0.9B7 

27.531 

1.294  1.280 

-0.014 

0.986 

30.339 

1.397  1.380 

-0.017 

0.983 

34.274 

1.524  1.490 

-0.034 

0.981 

48.661 

1.865  1.880 

0.015 

0.973 

59.300 

2.043  2.080 

0.037 

0.969 

66.619 

2.142  2.120 

-0.022 

0.967 

101.006 

2.462  2.460 

-0.002 

0.960 

Ccnrr.er.ts 

Cate  of  test:  9/9/2006 
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Waveform  Type 


Sine 


Test  ID  5086-FCG-4ptS  Page  1 


Pntax 

EvB/P 

a 

N 

da 

dN 

da/dX 

Kmax 

deltaK 

(lb! 

(in) 

(in) 

(in/ eye) 

(ksi [in] “.5) 

27.62 

1.2578 

704348 

S2S 

27.66 

1.2554 

705872 

0.0035 

3325 

1. OSCE-6 

5.583 

5.025 

S30 

27.71 

1.3013 

707677 

0.003S 

3583 

1.077E-6 

5.630 

5.067 

537 

27.76 

1.3033 

705455 

0.0019 

1658 

1.121E-6 

5.673 

5.106 

543 

27.81 

1.3053 

711233 

0.0015 

1658 

1.143E-6 

5.720 

5.148 

550 

27.  =7 

1.3073 

712547 

0.0020 

1641 

1.132E-6 

5.765 

5.185 

556 

27.52 

1.3052 

714536 

0.0020 

1588 

1.226E-6 

5.811 

5.230 

562 

27.56 

1.3111 

716061 

0.0020 

1535 

1.276E-6 

5.856 

5.271 

ses 

28.01 

1.3130 

717521 

0.0023 

1753 

1.384E-6 

5.903 

5.313 

575 

28.07 

1.3150 

718582 

0.0029 

1588 

1.480E-6 

5.951 

5.355 

582 

28.12 

1.3171 

720442 

0.0034 

2156 

1.S30E-6 

6.028 

5.425 

556 

28.23 

1.3213 

723707 

2258 

1.636E-6 

6.116 

5.504 

1014 

28.37 

1.3265 

726464 

0.0100 

5288 

1.887E-6 

6.230 

5.607 

1031 

•3.5; 

1.3313 

728555 

0.0099 

4844 

2.034E-6 

6.358 

5.723 

1048 

28.64 

1.3363 

731308 

0.1073 

22660 

4.737E-6 

0.000 

0.000 

1467 

31.56 

1.4387 

751655 

0.1041 

20452 

5.032E-6 

0.000 

0.000 

1471 

31.62 

1.4405 

751800 

0.0037 

324 

1.132E-5 

9.731 

8.758 

1475 

31.68 

1.4423 

751575 

0.0040 

355 

1.11SE-5 

9.770 

8.793 

1475 

31.74 

1.4445 

752155 

0.0040 

338 

1.183E-5 

9.807 

B.826 

1483 

31.80 

1.4463 

752317 

0.0020 

173 

1.133E-5 

9.847 

8.863 

1487 

31.86 

1.4482 

752456 

0.0020 

172 

1.145E-5 

5.886 

8.897 

1451 

31.52 

1.4503 

752674 

0.0020 

172 

1.147E-5 

5.925 

8 . 532 

1455 

31.58 

1.4522 

752S3S 

C . ;C23 

173 

1.148E-5 

9.965 

8.565 

1455 

32.04 

1.4542 

753011 

0.0020 

170 

1.158E-5 

10.006 

5. 005 

1504 

32.10 

1.4562 

753185 

0.0020 

167 

1.168E-5 

10.046 

5.041 

1508 

32.17 

1.4582 

753354 

0.0020 

167 

1.16SE-5 

10.085 

5.077 

1512 

32.22 

1.4601 

753513 

:  : ■ 

165 

1.17SE-5 

10.126 

5.113 

1516 

32.28 

1.4621 

753678 

0.0015 

161 

1.201E-5 

10.164 

5.148 

1520 

32.34 

1.4640 

753343 

0.0019 

160 

1.217E-5 

10.205 

5.185 

1524 

32.41 

1.4660 

754002 

0.0020 

155 

1.233E-5 

10.246 

5.221 

1528 

32.47 

1.4675 

754154 

c . ;  c  i  s 

153 

1.255E-5 

10.286 

9.258 

1532 

32.53 

1.4655 

754312 

0.0015 

150 

1.236E-5 

10.327 

5.294 

1536 

32.55 

1.4718 

754464 

; . ;  c :  3 

152 

1.310E-5 

10.367 

5.330 

1540 

32.65 

1.4736 

754556 

0.0038 

281 

1.365E-5 

10.403 

5.367 

1544 

32.71 

1.4756 

754745 

0.0042 

318 

1.328E-5 

:: 

9.405 

1545 

32. 7B 

1.4775 

754514 

0.6776 

-735922 

-S.158E-7 

0.000 

0.000 

2745 

67.52 

2.1533 

14823 

0.6773 

-740078 

-9.152E-7 

0.000 

0.000 

2750 

67.68 

2.1552 

14836 

0.0038 

26 

1.46SE-4 

30.255 

27.245 

2750 

67.83 

2.1571 

14845 

C  .  3  C  4  3 

26 

1.540E-4 

30.377 

27.338 

2750 

63.00 

2.1552 

14862 

0.0040 

26 

1.S36E-4 

30.426 

27.334 

2750 

68.16 

2.1611 

14375 

0.0020 

13 

1.S1SE-4 

30.479 

27.431 

2750 

68.33 

2.1631 

14888 

0.0020 

13 

1.S11E-4 

30.530 

27.477 

2750 

68.45 

2.1651 

14501 

:  .  3C2  3 

13 

1.503E-4 

30.581 

27.523 

2750 

68.66 

2.1671 

14515 

0.0020 

13 

1.S18E-4 

30.633 

27.570 
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Test  ID  50B€-FCG-4ptS  Page  2 


Prr.ax 

EvB/P 

a 

N 

da 

dN 

da/dK 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi  [in]  '“.5) 

2750 

SB.  82 

2.1691 

14928 

0.0020 

13 

1.534E-4 

30.683 

27.614 

2750 

68.98 

2.1709 

14940 

0.0020 

13 

1 . 551E-4 

30.735 

27.662 

2750 

€9.16 

2.1730 

14953 

0.0020 

13 

1.591E-4 

30.787 

27.708 

2750 

€9.33 

2.1751 

14966 

0.0020 

12 

1.615E-4 

30.839 

27.755 

2750 

69.49 

2.1770 

14978 

0.0020 

12 

1.640E-4 

30.893 

27.803 

2750 

€9.  €7 

2.1790 

14990 

0.0020 

12 

1.671E-4 

30 . 944 

27.849 

2750 

69 . 

2.1810 

15012 

0.0020 

12 

1.713E-4 

31.957 

27.898 

2750 

70.00 

2.1830 

15013 

0.0020 

11 

1.748E-4 

31 . 

27.943 

2750 

70.17 

2.1849 

15024 

0.0020 

11 

1.76SE-4 

31.101 

27.991 

2750 

70.34 

2.1869 

15035 

0.0020 

11 

1.73SE-4 

31.153 

28.038 

2750 

70.52 

2.1889 

15046 

0.0020 

11 

1.789E-4 

31.207 

23.C 86 

2750 

70.69 

2.1910 

15058 

0.0020 

11 

1.794E-4 

31.261 

28.135 

2750 

70.87 

2.1930 

15069 

0.0020 

11 

1.787E-4 

31 . 315 

28.183 

2750 

71.04 

2.1950 

15080 

0.0020 

12 

1.781E-4 

31.369 

28.232 

2750 

71.22 

2.1970 

15091 

0.0041 

23 

1.768E-4 

31.423 

28.281 

2750 

71.40 

2.1990 

15103 

0.0042 

24 

1.738E-4 

31.479 

28.331 

71.58 

2.2011 

15115 
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Automated  Fatigue  Crack 
Grcvth  Rate  Analysis 


Test  ID 

5086-FCG-4pt05 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

S086-H116 

Yield  (ksi) 

27.0 

Temperature  IF) 

75 

Modulus  (Msi) 

10.5 

Environment  Sea  Water 

Specimen  Dimensions  (in) 

Thickness 

0.496 

Height 

2.400 

Met  Thickness 

0.4S6 

Notch  Depth 

1.000 

Width 

4.000 

Gage  Length 

0.500 

Frecrack  Parameters 

Fmax  (lbs) 

77S.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kmax  (ksi  sqr[in]) 

4.00 

Test  Parameters 

EvBF  Freq 

Fmax  R 

Ai  Knaxi 

C 

DKi 

31.406  O.OS 

0  0.10 

1.451  9.69 

2.00 

0.00 

52.247  O.OS 

2750  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66S51 

-13.32 

18.4601 

14.72 

-236.825 

-5 . 6 

1214.88 

-2143.57 

Visual  Observations 

EvB/P  Crack (Ev3/P)  Crack (visual 

,)  Error 

OAF 

20.726  1.014 

1.001 

-0.013 

1.021 

21.845  1.073 

1.070 

-0.003 

1.020 

22.606  1.111 

1.120 

0.009 

1.019 

23.443  1.151 

1.160 

0.009 

1.018 

23.654  1.161 

1.190 

0.029 

1.018 

27.S5S  1.341 

1.330 

-0.011 

1.013 

31.354  1.461 

1.460 

-0.001 

1.010 

35. OSS  1.576 

1.550 

-0.026 

1.007 

43.347  1.783 

1.7S0 

0.007 

1.002 

51.8S4  1.S4S 

1.920 

-0.029 

0.998 

67.433  2.175 

2.200 

0.025 

0.993 

Comments 

Cate  of  test:  S/10/2006 

Wavefonr.  Type  Sine 
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Test  ID  S086-FCG-4ptQ5  Page  1 


Pmax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi[in)'.S) 

32.94 

1.5115 

755158 

1562 

32.97 

1.5126 

755226 

0.0027 

231 

1.165E-5 

10.821 

5.737 

1566 

33.02 

1.5142 

755385 

0.0038 

351 

1.078E-5 

10.864 

5.777 

1570 

33.09 

1.5164 

755577 

0.0016 

163 

1.173E-5 

10.904 

5.814 

1574 

33.15 

1.5183 

755755 

0.0019 

182 

1.071E-5 

10.950 

5.855 

1575 

33.22 

1.5203 

755547 

c . oc: 3 

183 

1.062E-5 

10.954 

9.894 

1583 

33.29 

1.5223 

756138 

0.0019 

182 

1.058E-5 

11.037 

5.533 

1587 

33.35 

1.5242 

756316 

C  .  3 3 IS 

183 

1.062E-5 

11.081 

9.573 

1591 

33.41 

1.5260 

756488 

0.0015 

177 

1.074E-5 

11.124 

10.011 

1595 

33.47 

1.5279 

756667 

C  .  3  C 1 5 

173 

1.0S4E-5 

11.168 

10.051 

1600 

33.54 

1.5299 

756852 

0.0015 

173 

1.101E-5 

11.210 

10.089 

1604 

33.60 

1.5318 

757010 

0.0019 

174 

1.11SE-5 

11.254 

10.128 

1608 

33.66 

1.5335 

757175 

0.0020 

172 

1.136E-5 

11.298 

10.168 

1612 

33.72 

1.5356 

757354 

3 . DC  41 

357 

1.1S6E-5 

11.343 

10.208 

1617 

33.79 

1.5377 

757532 

0.0041 

343 

1.190E-5 

11.389 

10.250 

1621 

33.86 

1.5397 

757697 

3.6531 

-742402 

-9.256E-7 

3.33  3 

0.000 

2750 

71.93 

2.2278 

15130 

0.6900 

-742558 

-5.252E-7 

0.000 

0.000 

2750 

72.09 

2.2296 

15135 

3. DC  37 

18 

2.034E-4 

32.322 

25.095 

2750 

72.25 

2.2315 

15148 

0.0041 

21 

1.53EE-4 

32.382 

29.144 

2750 

72.45 

2.2337 

15160 

0.0042 

22 

1.859E-4 

32.436 

29.192 

2750 

72.63 

2.2356 

15170 

3  .  3  313 

10 

2.051E-4 

32.457 

29.247 

2750 

72.81 

2.2376 

15175 

0.0021 

10 

2.054E-4 

32.556 

29.300 

2750 

73.00 

2.2398 

15185 

3 . D Cl  3 

5 

2.150E-4 

32.613 

29.352 

2750 

73.18 

2.2418 

15158 

0.0020 

5 

2.16SE-4 

32.673 

25.405 

2750 

73.36 

2.2438 

15207 

3 .33: 3 

5 

2.158E-4 

32.729 

29.457 

2750 

73.53 

2.2457 

15216 

0.0020 

5 

2.173E-4 

32.788 

29.509 

2750 

73.72 

2.2477 

15226 

3 .  D  C  4 1 

19 

2.166E-4 

33 . 345 

25.561 

2750 

73.91 

2.2498 

15235 

0.0041 

18 

2.278E-4 

32.905 

25.615 

74.10 

2.2518 

15244 

DRDC  Atlantic  CR  2007-019 


Automated  Fatigue  Crack 
Growth  Rate  Analysts 


Test  ID 

5086-FCG-4CptO 

5 Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5086-H116 

Yield  (ksi) 

27.0 

Temperature  IF) 

75 

Modulus  (Msi) 

10.5 

Er.vironEr.ent; 

Sea  Water 

Specimen  2 

imensions  (in) 

Thickness 

0.4S6 

Height 

2.400 

Met  Thickness 

0.4S6 

Nctch  Cepth 

1.000 

Width 

4.000 

Gage  Length 

0.500 

Frecrack  Farac.eters 

Frnax  (lbs) 

779.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kmax  (ksi  sqr[in]) 

4.00 

Test  Parameters 

EvBF  F 

'req 

Fmax  R 

Ai  Kmaxi 

C 

DKi 

31.406  0 

.05 

0  0.10 

1.451  S.6S 

2.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66S51 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

-2143.57 

Visual  Observations 

EvB/P  Crack (EvB/P)  Crack (visual)  Error 

CAF 

20.726 

1.014 

1.001 

-0.013 

1.021 

21.845 

1.073 

1.070 

-0.003 

1.020 

22.606 

1.111 

1.120 

O.OOS 

1.019 

23.443 

1.151 

1.160 

O.OOS 

1.018 

23.654 

1.161 

1.1S0 

0.02S 

1.018 

27.55S 

1.341 

1.330 

-0.011 

1.013 

31.354 

1.461 

1.460 

-0.001 

1.010 

35. OSS 

1.576 

1.550 

-0.026 

1.007 

43.347 

1.783 

1 . 7  SO 

0.007 

1.002 

51 .854 

1.S4S 

1.920 

-0.02S 

0.S98 

67.433 

2.175 

2.200 

0.025 

0.SS3 

Comments 

Cate  of  test: 

S/10/2006 

Waveform  Type  Sine 
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Test  ID  5086-FCG-4Cp"05  Page  1 


Pmax 

EvB/P 

a 

N 

da 

dN 

da /dlf 

Kmax 

delnaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi[in]~.S) 

33.92 

1.5415 

89 

1630 

33.98 

1.5433 

190 

0.0037 

223 

1 . 659E-5 

11.524 

10.372 

1634 

34.05 

1.5452 

312 

0.0042 

267 

1.572E-5 

11.570 

10.413 

1635 

34.12 

1.5475 

457 

0.0020 

123 

1.537E-5 

11.617 

13.455 

1644 

34.19 

1.5494 

583 

0.0020 

127 

1 . 558E-5 

11.665 

10.499 

1648 

34.25 

1.5513 

705 

0.0020 

128 

1.5S9E-5 

11.712 

13.541 

1652 

34.32 

1.5533 

827 

0.0019 

123 

1.572E-5 

11.757 

10.582 

1657 

34.38 

1.5552 

953 

0.0019 

121 

1.589E-5 

: :  6 

10.626 

1661 

34.45 

1.5572 

1079 

0.0020 

121 

1.602E-5 

11.851 

10.666 

1666 

34.51 

1.5590 

1192 

0.0019 

119 

1.608E-5 

11.899 

10.709 

1670 

34.58 

1.5610 

1310 

0.0019 

117 

1.644E-5 

11.944 

10.750 

1675 

3  4  .  £  5 

1.5630 

1431 

0.0019 

115 

1.669E-5 

11.991 

10.792 

1679 

24.72 

1.5648 

154C 

0.0019 

113 

1.699E-5 

12 . 340 

10.836 

1684 

34.78 

1.5669 

1657 

0.0019 

114 

1.708E-5 

12.085 

10.876 

1688 

1.5687 

1766 

0.0020 

112 

1.747E-5 

. 133 

10.922 

1693 

34.91 

1.5707 

1870 

0.0038 

226 

1.696E-5 

12.180 

10.962 

1697 

4.1 

1.5725 

1992 

0.0041 

235 

1.762E-5 

12.233 

11.010 

35.06 

1.5748 

2105 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 


Test  ID 

5086-FCG-5 

Geometry 

Contract 

SSC  10624-01 

Orientation 

Material 

5086-H116 

Yield  (ksi) 

Temperature  IF) 

75 

Modulus  (Msi) 

Environment  RH  = 

40% 

Specimen  Dimensions  (in) 

Thickness 

0.497 

Height 

Met  Thickness 

0.497 

Nctch  Depth 

Width 

4.000 

Gage  Length 

Frecrack  Farar.et 

ers 

Emax  (lbs) 

962.0 

Stress  Ratio 

Final  a  (in) 

1.070 

Kmax  (ksi  scr[in]) 

Test  Parameters 

EvBE  Freq 

Emax  R 

Ai  Kmaxi  C 

22.290  24.00 

0  0.10 

1.070  5.00  -4.00 

24.852  24.00 

0  0.10 

1.190  3.40  4.00 

K  Coeff 

C  Coeff 

da/dN  Fit  Earameters 

( 

.888 

1.00098 

Upper  da/dN  limit 

3 

4.84 

-4.66951 

Lower  da/dN  limit 

3 

-13.32 

18.4601 

da/dN  intercept  (C) 

3 

14.72 

-236.825 

da/dN  slope  (m) 

41 

-5.6 

1214.88 

da/dN  for  delta  K 

3 

-2143.57 

delta  K 

3 

Visual  Observations 


EvB/P 

Crack  !EvB/P) 

Crack {visual) 

Error 

CAF 

20.547 

0.990 

1.000 

0.011 

1.009 

22.223 

1.089 

1.070 

-0.019 

1.016 

24.200 

1.194 

1.190 

-0.004 

1.024 

14.415 

1.208 

1.220 

0.012 

1.025 

15.515 

1.242 

1.250 

0.008 

1.011 

28.155 

1.334 

1.325 

-0.009 

0.999 

31.334 

1.435 

1.430 

-0.005 

0.987 

36.192 

1.569 

1.575 

0.006 

0.971 

Comments 

Cate  of  test:  9/19/2006 

Waveform  Type  Sine 


C  (T) 
T-L 
27.0 
10.  S 


2.400 

1.000 

O.SOO 


0.10 

5.00 


DKi 

0.00 

0.00 

DKapp) 

. 937E-8 
. 5371-5 
-743E— 29 
.  S53 
. S37E-5 
.008 
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Test  ID  5036-FCG-5  Page  1 


Pittax 

EvB/P 

a 

N 

da 

dN 

da/dK 

Kitax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksitin] *.5) 

22.29 

1.0928 

9610 

928 

22.37 

1.0972 

21809 

0.0099 

29163 

3.3S9E-7 

4.905 

4.414 

907 

22.47 

1.1026 

38773 

0.0107 

35479 

3.005E-7 

4.820 

4.338 

887 

22.57 

1.1079 

57288 

:  .  0  C  5  3 

20154 

2.987E-7 

4.724 

4.252 

866 

22.67 

1.1135 

79640 

0.0055 

22614 

2.SS0E-7 

4.632 

4.169 

845 

22.77 

1.1193 

105089 

0. OC 55 

24474 

2.334E-7 

4.542 

4.088 

826 

22.87 

1.1245 

130533 

0.0055 

25268 

2.154E-7 

4.449 

4.004 

807 

22.98 

1.1302 

157491 

.  0  C  5  3 

27199 

2.021E-7 

4.364 

3.928 

788 

23. OB 

1.1357 

185617 

0.0053 

30028 

1.S20E-7 

4.282 

3.854 

772 

23.17 

1.1407 

208893 

: . 00 55 

33464 

1.847E-7 

4.198 

3.779 

755 

23.26 

1.1452 

242836 

C . 00 54 

37154 

1.67SE-7 

4.123 

3.711 

738 

1 3  .  1  ' 

1.1511 

285255 

: . 0055 

39032 

1.447E-7 

4.029 

3.626 

715 

23.49 

1.1575 

331318 

0.0054 

43992 

1.292E-7 

3.962 

3.566 

703 

23.58 

1.1624 

380414 

: . 0056 

50772 

1.2O0E-7 

3.B66 

3.479 

684 

23.70 

1.1686 

419811 

0.0055 

58616 

1.138E-7 

3.805 

3.424 

670 

23.79 

1.1732 

472844 

1  0052 

67607 

1.020E-7 

3.726 

3.353 

655 

23.90 

1.1785 

547467 

0.0048 

76435 

8.30SE-B 

3.656 

3.290 

640 

24.  :•! 

1.1842 

636950 

0 .0041 

86511 

5.617E-B 

3.591 

3.232 

628 

24.09 

1.1885 

736955 

0.0035 

94315 

3.S15E-B 

3.537 

3.1B3 

620 

24.14 

2.1921 

839022 

98521 

2.634E-3 

3.495 

3.146 

615 

24.18 

1.1931 

938878 

0.0019 

100250 

1.747E-B 

3.472 

3.124 

612 

24.20 

1.1939 

1038734 

0.0014 

100838 

1.289E-8 

3.456 

3.110 

611 

24.21 

1.1946 

1138591 

0.0012 

100470 

1.112E-B 

3.442 

3.098 

608 

24.23 

1.1956 

1238447 

0.0011 

100470 

1.080E-B 

3.430 

3.0B7 

604 

24.26 

1.1970 

1341989 

0.0011 

100471 

1.12SE-B 

3.416 

3.074 

601 

24.29 

1.1983 

1441844 

0  .  0011 

100471 

1.0SSE-B 

3.398 

3.058 

598 

24.31 

1.1995 

1541700 

0.0009 

100468 

9.168E-9 

3.386 

3.048 

596 

24.33 

1.2003 

1641557 

0.0006 

99854 

6.044E-9 

3.373 

3.036 

594 

24.34 

1.2009 

1741414 

0.0005 

99854 

4.054E-9 

3.363 

3.026 

592 

24.34 

1.2009 

1341257 

-0.0005 

199697 

-2.307E-9 

3.357 

3.021 

592 

24.33 

1.2005 

1941111 

0.0003 

199710 

1.S30E-9 

3.351 

3.016 

592 

24.34 

1.2012 

2040967 

0 . 0745- 

■1011432 

-7.369E-B 

0.000 

0.000 

783 

26.49 

1.2750 

529679 

0.0779- 

•1091165 

-7.140E-B 

0.000 

0.000 

796 

26.60 

1.2792 

949802 

0.0056 

38114 

2.256E-7 

4.741 

4.267 

80S 

26.72 

1.2836 

967793 

0.0088 

33336 

2.634E-7 

4.833 

4.349 

823 

26.34 

1.2879 

983138 

0.0087 

28228 

3.0S9E-7 

4.929 

4.436 

837 

26.97 

1.2923 

996021 

0 . 0044 

13200 

3.453E-7 

5.024 

4.522 

850 

27.08 

1.2966 

1007541 

0.0044 

11575 

3.871E-7 

5.122 

4.610 

864 

27.20 

1.3007 

1018820 

0 . 0044 

10181 

4.427E-7 

5.225 

4.702 

880 

27.34 

1.3055 

1029002 

0.0044 

9069 

5.114E-7 

5.326 

4.793 

895 

27.46 

1.3098 

1037242 

0 . 0044 

8132 

5.856E-7 

5.434 

4.891 

910 

27.59 

1.3142 

1044225 

0.0045 

7091 

6.62SE-7 

5.541 

4.SB7 

925 

27.71 

1.3185 

1050435 

0 . 0044 

6131 

7.452E-7 

5.651 

5.0B6 

941 

27.84 

1.3231 

1056334 

0.0044 

5454 

8.2S7E-7 

5.763 

5.1B7 
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Test  ID  5086-FCG-5  Page  2 


Pir.ax 

EvB/P 

a 

H 

da 

dlt 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi [in] “.S) 

957 

27.97 

1.3274 

1061365 

0.0044 

4952 

9.127E-7 

5.879 

5.291 

973 

28.10 

1.3318 

1065787 

0.0045 

4514 

1.007E-6 

5.992 

5.393 

989 

2B.22 

1.3360 

1069963 

0.0044 

4008 

1.123E-6 

6.113 

5.502 

1006 

28.35 

1.3406 

1073939 

0.0044 

3594 

1.260E-6 

6.233 

5.610 

1024 

2B.49 

1.3452 

1077518 

0.0044 

3259 

1.421E-6 

6.359 

5.723 

1041 

28.62 

2.2456 

1080382 

0.0045 

2923 

1.594E-6 

6.485 

5.837 

1058 

28.75 

1.3538 

1082926 

0.0044 

2565 

1.7S1E-6 

6.613 

5.951 

1076 

_ 

1-2=22 

1085340 

0.0044 

2239 

2.015E-6 

6.744 

6.069 

1095 

29.02 

1.3627 

1087499 

0.0044 

2006 

2.256E-6 

6.B76 

6.188 

1113 

29.15 

1.3672 

1089328 

0.0044 

1799 

2.S35E-6 

7.014 

6.313 

1132 

29.29 

1.3715 

1090954 

0.0044 

1592 

2.904E-6 

7.154 

6.439 

1151 

29.43 

2 . 2  "■  4  C 

1092418 

0.0044 

1406 

3.255E-6 

7.295 

6.565 

1171 

29.56 

1.3804 

1093719 

0.0044 

1258 

3 . 654E-6 

7.440 

6.696 

1190 

29.70 

1.3848 

1094S89 

0.0044 

1126 

4.054E-6 

7.588 

6.829 

1211 

2  9  .  ;  4 

1.3892 

1095933 

0.0044 

1014 

4.454E-6 

7.739 

6.966 

1232 

29.98 

1.3938 

1096876 

0.0044 

921 

4.882E-6 

7.891 

7.102 

1252 

30.11 

1.3979 

1097711 

0.0044 

844 

5.257E-6 

8.046 

7.241 

1272 

30.25 

1.4023 

1098502 

0.0044 

781 

5 . 641E-6 

8.205 

7.384 

1294 

30.40 

1.4068 

1099246 

0.0044 

725 

6.091E-6 

8.361 

7.525 

1316 

30.53 

1.4110 

1099951 

0.0044 

675 

6.571E-6 

8.531 

7.678 

1338 

30.68 

..4.22 

1100621 

0.0044 

633 

7.067E-6 

8.699 

7.829 

1361 

30.83 

1.4202 

1101225 

0.0044 

595 

7.573E-6 

8.869 

7.982 

1383 

30.97 

1.4242 

1101763 

0.0087 

1077 

8.052E-6 

9.049 

8.144 

1407 

31.11 

1.4288 

1102302 

0.0091 

1051 

8.619E-6 

9.226 

8.304 

31.27 

1.4334 

1102814 
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Automated  Fatigue  Crack 
Growth  Sate  Analysts 


Test  ID 

5383-FCG-l 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5383-H116 

Yield  (ksi) 

35.4 

Temperature  !F) 

75 

Modulus  (Msi) 

10.5 

Environment 

RH  =  ■ 

40% 

Specimen  Dimensions  (in) 

Thickness 

0.438 

Height 

2.400 

Met  Thickness 

0.438 

Notch  Depth 

1.000 

Width 

4.000 

Gage  Length 

0.500 

Frecrack  Parameters 

Fmax  (lbs) 

861.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Fmax  (ksi  scr[in]) 

4.50 

Test  Param.e 

iters 

EvBP  Fr 

eq 

Fmax  R 

At  Kmaxt 

C 

DKi 

24.226  10. 

00 

0  0.10 

1.170  3.00 

2.00 

0.00 

32.427  10. 

00 

0  0.10 

1.486  10.58 

2.00 

0.00 

SI. Ill  S. 

00 

2675  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-S.6 

1214.88 

• 

-2143.57 

Visual  Observations 

EvB/P  Crack (EvB/P)  Crack (visual)  Error 

CAF 

20.829 

0.994 

1.001 

0.007 

0.999 

21.843 

1.046 

1.045 

-0.001 

0.996 

24.198 

1.157 

1.160 

0.003 

0.991 

24.815 

...14 

1.185 

0.001 

0.990 

26.085 

1.237 

1.235 

-0.002 

0.988 

28.304 

1.322 

1.315 

-0.007 

0.934 

32 . 405 

1.461 

1.455 

-0.006 

0.977 

43.793 

1.755 

1.760 

0.005 

0.965 

50.785 

1.892 

1.890 

-0.002 

0.959 

98.246 

2.423 

2.425 

0.002 

0.937 

Comments 

Cate  of  test:  8/24/2006 

Wave  font  Type  Sine 
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Test  ID  5333-FCG-l 


Pntax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

24.23 

1.1583 

21299 

334 

24.31 

1.1621 

84307 

0.0088 

544 

24.43 

1.1671 

162559 

0.0097 

553 

24.53 

1.1718 

233890 

C .0047 

562 

24.64 

2. 2-63 

297453 

0.0045 

572 

24.75 

1.1813 

356275 

C  .  J :  4  3 

582 

24.87 

1.1863 

417537 

0.0048 

5S2 

24 . 

1.1912 

472986 

C  .  0  C  4  3 

602 

25.10 

1.1960 

522431 

0.0045 

612 

25.21 

1.2008 

569390 

C  .  0  C  4  3 

622 

25.32 

1.2055 

614832 

0.0048 

633 

25.44 

1.2104 

658759 

C  .  0  C  4  3 

644 

25.56 

1.2152 

699657 

0.0048 

654 

25.67 

1.2200 

737525 

C  .  3  C  4  3 

666 

25.79 

1.2249 

773879 

0.0048 

677 

25.91 

1.2297 

B08718 

: .  0  C  4  3 

688 

26.02 

1.2344 

840527 

0.0048 

700 

26.14 

-2-22 

872337 

C. 3C4- 

712 

26.26 

1.2440 

902631 

0.0047 

724 

26.38 

2.248  : 

929595 

C . DC47 

736 

26.50 

1.2533 

956256 

0.0047 

748 

26.62 

1.2581 

981706 

C  .  D  C  4  3 

761 

26.74 

1.2628 

1004732 

0.0048 

774 

2  €  .  6  € 

1.2676 

1026304 

: . : :  4 : 

787 

26.98 

1.2725 

1046663 

c . :  C  4  3 

800 

27.11 

1.2773 

1065085 

C  .  3  C  4  3 

814 

27.23 

1.2821 

1081564 

0.0048 

828 

27.36 

1.2871 

1096297 

C  .  J :  4  3 

842 

27.48 

1.2917 

1108239 

0.0048 

856 

2'.  62 

1.2964 

1118166 

C  .  3  C  4  3 

870 

27.73 

1.3011 

1127103 

0.0047 

885 

27.86 

2  :  ;  2  : 

1134650 

0.0047 

901 

27.99 

1.3109 

1141085 

C  .  3  C  4  3 

916 

28.12 

1.3155 

1146484 

C  .  3  C  4  3 

931 

28.24 

1.3201 

1151311 

C .3:4' 

947 

28.38 

1.3250 

1155336 

0.0048 

963 

28.51 

1.3298 

1159698 

C .3:43 

979 

2B.63 

1.3344 

1163113 

0.0048 

996 

2B.77 

1.3394 

1166527 

3.3:43 

1013 

2B.91 

1.3445 

1169454 

0.0048 

1030 

29.04 

1.3492 

1171755 

3  .  3  3  4  9 

1047 

29.17 

1.3537 

1173878 

0.0048 

1065 

29.31 

1.3584 

1175561 

: .  3  C  4  7 

1084 

29.45 

1.3636 

1177540 

0.0047 

Page  1 


dM 

da/dN 

Kmax  deltaK 

(in/cyc) 

(ksi [in]  ~.S) 

141260 

6.236E-8 

3.014 

2.712 

145583 

6.490E-8 

3.068 

2.761 

66040 

7.106E-8 

3.131 

2.818 

€47  p 

7.S60E-8 

3.193 

2. 674 

55975 

8.078E-8 

3.258 

2.532 

55917 

8.680E-8 

3.324 

2.592 

52857 

5.153E-B 

3.352 

3.053 

50414 

S.707E-8 

3.461 

3.115 

47020 

1.027E-7 

3.525 

3.176 

44090 

1.0S4E-7 

3.601 

3.241 

41908 

1.148E-7 

3.673 

3.305 

35888 

1.214E-7 

3.747 

3.372 

3  ”€13 

1.2S5E-7 

3.824 

3.441 

35596 

1.352E-7 

3.900 

3.510 

33825 

1.418E-7 

3.979 

3.SB1 

32012 

1.4S5E-7 

4.055 

3.653 

30356 

1.560E-7 

4.135 

3.725 

28831 

1.643E-7 

4.222 

3.800 

27368 

1.734E-7 

4.306 

3.876 

25661 

1.851E-7 

4.391 

3.552 

:  4 : :  3 

1.987E-7 

4.478 

4.030 

22582 

2.135E-7 

4.565 

4.112 

20885 

2.322E-7 

4.660 

4.194 

19055 

2.S62E-7 

4.755 

4.279 

17251 

2.870E-7 

4.850 

4.365 

15310 

3.250E-7 

4.950 

4.455 

13417 

3.827E-7 

5.048 

4.544 

11554 

4.467E-7 

5.150 

4.635 

9520 

5.241E-7 

5.252 

4.727 

8365 

6.138E-7 

5.357 

4.821 

7179 

7.125E-7 

5 . 465 

4.519 

6278 

8.166E-7 

5.574 

5.016 

5433 

5.261E-7 

5.686 

5.118 

4744 

1.040E-6 

5.800 

5.220 

4240 

1.162E-6 

5.914 

5.323 

3828 

1.302E-6 

6.033 

5.430 

3414 

1.460E-6 

6.156 

5.541 

3007 

1.65SE-6 

6.281 

5.653 

2711 

1.852E-6 

6.409 

5.768 

2471 

2.04SE-6 

6.537 

5.883 

2184 

2.246E-6 

6.667 

6.000 

1533 

2.487E-6 

6.801 

6.121 

1766 

2.751E-6 

6.938 

6.244 

DRDC  Atlantic  CR  2007-019 
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Test  ID  S3B3-FCG-1  Page  2 


Pntajc 

EvB/P 

a 

N 

da 

dN 

da./dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi  [in] '  .5) 

1102 

25.55 

1.3683 

1175628 

0.0048 

1631 

3.031E-6 

7.075 

6.371 

1121 

25.72 

1.3730 

1181045 

0.004B 

1482 

3.308E-6 

7.218 

6.456 

1138 

29.85 

1.3775 

1182390 

0.0047 

1335 

3.S82E-6 

7.361 

6.625 

1158 

29.59 

1.3823 

1183665 

0.0047 

1236 

3.864E-6 

7.506 

6.756 

1178 

30.14 

1.3872 

1184355 

0.0048 

1155 

4.135E-6 

7.656 

6.890 

1157 

30.28 

1.3915 

1185575 

0.004B 

1085 

4.424E-6 

7.812 

7.031 

1218 

30.42 

1.3568 

1187042 

0.0048 

1022 

4.721E-6 

7.566 

7.165 

1238 

30.56 

1.4015 

1188003 

0.0048 

955 

5.032E-6 

8.126 

7.313 

1255 

30.70 

1.4062 

1188855 

0.0048 

855 

5 . 358E-6 

8.289 

7.460 

1281 

30.85 

1.4111 

118S7SS 

0.004B 

842 

5.725E-6 

8.455 

7.605 

1302 

31.00 

1.4159 

1150607 

0.0048 

757 

6.063E-6 

8.628 

7.765 

1325 

31.14 

1.4207 

1151371 

0.0048 

758 

6.408E-6 

8.802 

7.522 

1347 

31.29 

2.42E6 

11S20S6 

0.0048 

710 

6.784E-6 

8.978 

8.081 

1370 

31.44 

1.4303 

1152787 

0.0048 

671 

7.132E-6 

5.155 

8.243 

1353 

31.55 

1.4352 

1153444 

0.0048 

635 

7.458E-6 

5.345 

8.410 

1417 

31.74 

1.4400 

1154057 

0.0047 

601 

7.S03E-6 

5.527 

8 . 57  4 

1440 

31.88 

1.4446 

1154633 

0.0048 

567 

8.3S4E-6 

5.718 

8.747 

1484 

32.03 

1.4453 

1155182 

0.0055 

1070 

8.871E-6 

5.907 

8.516 

1488 

32.  IB 

1.4541 

1195703 

0.0096 

1008 

9 . 554E-6 

10.106 

5.095 

32.33 

1.4585 

1156150 

32.43 

1.4618 

1196914 

1545 

52.72 

1.4710 

1157845 

0.0150 

1543 

S.781E-6 

10.615 

5.553 

1567 

33.04 

1.4308 

1198857 

0.0155 

1545 

1.022E-5 

10.822 

5.740 

1585 

33.37 

1.4508 

1155750 

0.0153 

1763 

1.0S5E-5 

11.035 

5.532 

1605 

33.65 

1.5001 

1200620 

0.0057 

866 

1.121E-5 

11.257 

10.131 

1631 

54.01 

1.5055 

1201445 

0.0097 

812 

1.184E-5 

11.480 

10.332 

1654 

34.34 

1.5194 

1202278 

0.0056 

772 

1.246E-5 

11.707 

. ) .536 

1676 

34.68 

1.5252 

1203038 

0.0097 

743 

1.308E-5 

11.544 

10.750 

1655 

35.02 

1.5385 

1203730 

0.0097 

707 

1.372E-5 

12.182 

10.964 

1722 

35.36 

1.5485 

1204420 

0.0056 

665 

1.437E-5 

12.425 

11.183 

1745 

35.70 

1.5581 

1205077 

0.0096 

635 

1.454E-5 

12.672 

11.405 

1765 

36.05 

1.5676 

1205650 

0.0056 

615 

1.552E-5 

12.523 

11.631 

1752 

36.40 

1.5772 

1206253 

0.0056 

551 

1.61SE-5 

13.176 

11.855 

1816 

36.75 

1.5S65 

1206870 

0.00S6 

565 

1.638E-5 

13.439 

12.095 

1840 

37.11 

1.5963 

1207418 

0.0097 

548 

1.762E-5 

13.702 

12.332 

1865 

37.48 

1.6060 

1207567 

0.0057 

524 

1.846E-5 

13.980 

12.582 

1850 

37.86 

1.6158 

1208485 

0.0097 

500 

1.S42E-5 

14.263 

12.837 

1517 

38.25 

1.6257 

1208976 

0.0097 

478 

2.042E-5 

14 . 546 

13.092 

1542 

38.62 

1.6351 

1205435 

0.0056 

445 

2.151E-5 

14.843 

13.355 

1568 

39.02 

1.6450 

1205872 

0.0056 

424 

2.267E-5 

15 . -05 

13.622 

1554 

35.41 

1.6547 

1210287 

0.0056 

403 

2.354E-5 

15.431 

13.888 

2020 

39.78 

1.6635 

1210661 

0.0056 

381 

2.514E-5 

15.740 

14.166 

2047 

40.19 

1.6735 

1211035 

0.0056 

363 

2.646E-5 

16.043 

14.443 

2074 

40.60 

1.6B34 

1211351 

0.0096 

343 

2.7SSE-5 

16.362 

14.726 

2101 

40.59 

1.6526 

1211721 

0.0097 

326 

2.564E-5 

16.655 

15.026 

168 
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Test  ID  5383-FCG-i  Page  3 


2max 

EvB/P 

a 

N 

da 

dll 

da/dN 

Kmax 

deltaK 

(lb! 

(in) 

(in) 

(in/cyc) 

(ksi  [in]  *'.5) 

2125 

41.42 

1.7026 

1212049 

0.0096 

308 

3.148E-5 

17.022 

15.320 

2157 

41.  55 

1.7123 

1212347 

0.0056 

291 

3.336E-5 

17.362 

15.626 

2185 

42.27 

1.7218 

1212618 

0.0097 

275 

3.534E-5 

17.707 

15.537 

2214 

42.73 

1.7313 

1212880 

0.0097 

256 

3.764E-5 

18.056 

16.251 

2243 

43.14 

1.7411 

1213137 

0.0097 

242 

4.01SE-5 

18.413 

16.572 

2272 

43.53 

1.7508 

1213372 

0.0098 

230 

4.273E-5 

10.-3; 

16.504 

2302 

44.04 

1.7606 

1213587 

0.0097 

216 

4.S4SE-5 

15.158 

17.242 

2333 

44.5  3 

1.7704 

1213797 

0.0097 

202 

4.841E-5 

15.546 

.'.55. 

2364 

44.98 

1.7B04 

1213599 

0.009B 

190 

5.172E-5 

15.930 

17.538 

2353 

45.44 

1.7397 

1214173 

0.0098 

175 

5.4S2E-5 

20.332 

18.299 

2424 

45.91 

1.7994 

1214346 

0.0097 

165 

5.50SE-5 

20.741 

18.667 

2458 

46.43 

1 . 3  3  S  £ 

1214514 

0.0097 

153 

6.352E-5 

21.146 

19.031 

2488 

46.90 

1.8192 

1214655 

0.0097 

144 

6.854E-5 

21.573 

19.416 

2515 

-P  .  S3 

1-3226 

1214788 

0.0097 

134 

7.31SE-5 

21.957 

19.797 

2552 

47.89 

1.8384 

1214516 

0.0097 

124 

7.856E-5 

22.427 

20.185 

2585 

43.41 

1.3  491 

1215038 

0.0097 

117 

8.371E-5 

22.871 

2  3  .  £  3  £ 

2617 

4B.91 

1.8577 

1215145 

0.0098 

111 

8.84SE-5 

23.335 

21.002 

2652 

49.46 

1.8678 

1215256 

0.0198 

205 

9.473E-5 

23.792 

21.413 

2685 

49.99 

1.8775 

1215358 

0.0154 

198 

9.810E-5 

24.274 

21.846 

50.54 

1.3372 

1215454 

51.11 

1.8974 

1215566 

2675 

51.61 

1.9062 

1215661 

0.0185 

197 

9.368E-5 

24.702 

22.231 

2675 

52.17 

1.9159 

1215763 

0.0159 

200 

9.S52E-5 

24.876 

22.388 

2675 

52.78 

1.9261 

1215861 

0.0200 

187 

1.071E-4 

25.055 

22.550 

2675 

53.36 

1.9359 

1215550 

0.0059 

91 

1.0S7E-4 

25.241 

22.717 

2675 

53.95 

1.9456 

1216035 

0.0095 

87 

1.126E-4 

25.424 

22.331 

2675 

54 . 53 

1.9550 

1216121 

0.005B 

85 

1.156E-4 

25.615 

23.053 

2675 

55.17 

1.9653 

1216206 

0.0097 

83 

1.176E-4 

25.801 

23.221 

2675 

55.79 

1.9751 

1216287 

0.0097 

81 

1.1S7E-4 

25.955 

23.399 

2675 

56 . 42 

1.9345 

1216365 

0.0098 

75 

1.22SE-4 

26.189 

23.570 

2675 

57.03 

1.9943 

1216446 

0.0097 

76 

1.26SE-4 

26.385 

23.746 

2675 

57.67 

2.034C 

1216522 

0.0097 

73 

1.326E-4 

26.583 

23.924 

2675 

58.34 

2.0140 

1216556 

0.0097 

70 

1.351E-4 

26.780 

24.101 

2675 

58.98 

2.0234 

1216655 

0.0098 

65 

1.432E-4 

26.585 

24.286 

2675 

59.65 

2.0331 

1216724 

0.0098 

67 

1.471E-4 

27.191 

24.472 

2675 

60.36 

2.0431 

1216790 

0.0058 

65 

1.506E-4 

27.399 

24.659 

2675 

61.06 

2.0529 

1216858 

0.0099 

64 

1.530E-4 

27.613 

24.852 

2675 

61.76 

2.0626 

1216921 

0.0099 

64 

1.55SE-4 

27.831 

25.048 

2675 

62.50 

2.0727 

1216583 

0.0098 

62 

1.S91E-4 

28.050 

25.245 

2675 

63.24 

2.0B26 

1217043 

0.0058 

60 

1.634E-4 

28.277 

25.445 

2675 

64.00 

2.0926 

1217105 

0.005B 

58 

1.688E-4 

28.500 

25.650 

2675 

64  . 

2.1022 

1217162 

0.0098 

55 

1.764E-4 

25 . 

25.853 

2675 

65.49 

2.1117 

1217216 

0.009B 

53 

1.847E-4 

28.954 

26.055 

2675 

66.27 

2.1216 

1217266 

0.0097 

51 

1.S35E-4 

25.187 

26.268 

2675 

67.09 

2.1316 

1217315 

0.0099 

48 

2.041E-4 

25.422 

26.475 
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Test 

ID  5333- 

-FIG-1 

Page  4 

P>max 

EvB/P 

a 

N 

da 

dit 

da/dK 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(Jest  [in]  '‘.5) 

2675 

67.87 

2.1412 

1217362 

0.0095 

46 

2.158E-4 

25.665 

26.698 

2675 

6B.6S 

2.1505 

1217408 

0.0099 

43 

2.303E-4 

29.914 

26.522 

2675 

69.59 

2.1615 

1217452 

0.0098 

41 

2.442E-4 

30.160 

27.144 

2675 

70.44 

2.1713 

1217490 

0.0099 

35 

2.544E-4 

s: .415 

27.377 

2675 

71.25 

2.1B10 

1217524 

0.0095 

38 

2.63SE-4 

30.667 

27.600 

2675 

72.13 

2.1904 

1217560 

0.0097 

35 

2.727E-4 

3 : . SI- 

27.834 

2675 

73.04 

2.2004 

1217558 

0.0095 

34 

2.836E-4 

31. 182 

28.063 

2675 

73.55 

2.2102 

1217633 

0.0098 

34 

2.S1SE-4 

31 . 447 

21.131 

2675 

74.85 

2.2158 

1217663 

0.0095 

33 

3.009E-4 

31.728 

28.554 

2675 

75.87 

2.2304 

1217696 

0.0099 

32 

3.121E-4 

31.955 

28.795 

2675 

76.81 

2.2401 

1217728 

0.0100 

31 

3.223E-4 

32.285 

29.056 

2675 

77.75 

2.2455 

1217759 

0.0100 

30 

3.334E-4 

32.565 

29.311 

2675 

78.81 

2.2601 

1217785 

0.0095 

28 

3.537E-4 

32.860 

29.573 

2675 

79.85 

2.2702 

1217817 

0.0099 

27 

3.7S0E-4 

33.150 

29.534 

2675 

80.84 

2.2797 

1217841 

0.0095 

25 

4.005E-4 

33.450 

30.103 

2675 

81.85 

2.2855 

1217864 

0.0099 

23 

4.2S7E-4 

33.-46 

30.365 

2675 

82.97 

2.2555 

1217887 

0.009B 

21 

4.61SE-4 

34.053 

30.646 

2675 

84.08 

2.3055 

1217909 

0.0100 

20 

5.041E-4 

34.365 

30.530 

2675 

85.22 

2.3197 

1217528 

0.0100 

IS 

5.473E-4 

34.681 

31.210 

2675 

86.32 

.  . . : . 

1217945 

0.0095 

17 

5.570E-4 

33  .  314 

31.510 

2675 

87.53 

2.3396 

1217561 

0.0099 

16 

6.39SE-4 

35.330 

31.794 

2675 

8B.6S 

2.3453 

1217576 

0.009S 

15 

6.755E-4 

35.666 

32.095 

2675 

89.85 

2.3590 

1217985 

0.0095 

14 

7.162E-4 

•••  j 

32.396 

2675 

51.03 

2.3685 

1218003 

0.0098 

13 

7.SS7E-4 

36 . 34C 

32.701 

2675 

92.34 

2.3750 

1218016 

0.0095 

12 

8.065E-4 

36.685 

33.015 

2674 

53.62 

2.3885 

1218028 

0.0100 

12 

8.658E-4 

37. 33 : 

33.325 

2674 

54.87 

2.3585 

1218035 

0.0103 

11 

9.432E-4 

37.397 

33.651 

2674 

96.15 

2.4084 

1218049 

0.0100 

10 

1.002E-3 

37.767 

33.583 

2674 

57.63 

2.4190 

1218055 

0.0101 

10 

1.071E-3 

38.148 

34.315 

2670 

59.24 

2.4308 

1218069 

0.0103 

5 

1.148E-3 

38.531 

34.665 

2673 

100.33 

2.4351 

1218077 

0.0105 

5 

1.207E-3 

38.941 

35.025 

2674 

101.83 

2.4455 

1218085 

0.0105 

8 

1.277E-3 

35.343 

35.400 

2674 

103.35 

2.4604 

1218053 

0.0101 

8 

1.361E-3 

39.768 

35.778 

2673 

104 . 97 

2.4712 

1218101 

0.0105 

7 

1 . 472E-3 

4 _ 

36.173 

2673 

106.55 

2.4818 

1218108 

0.0106 

7 

1.603E-3 

40.631 

36.551 

2673 

108.05 

1.4516 

1218114 

0.0105 

6 

1.738E-3 

41.080 

36.553 

2672 

109.72 

2.5023 

1218120 

0.0103 

6 

1.514E-3 

41.508 

37.330 

2671 

111.39 

2.5128 

1218125 

0.0103 

5 

2.091E-3 

41.964 

37.735 

2670 

113.08 

2.5232 

1218130 

0.0105 

5 

2.306E-3 

42.416 

38.138 

2672 

114.63 

2.5328 

1218134 

0.0104 

4 

2.425E-3 

42.870 

38.534 

2665 

116.48 

2.5434 

1218138 

: . 3104 

4 

2.606E-3 

43.374 

38.590 

2665 

118.47 

2.5545 

1218142 

0.0103 

4 

2.75SE-3 

43.833 

39.393 

2665 

120.18 

2.5645 

1218146 

0.0106 

4 

2.S24E-3 

44.352 

39.854 

2667 

122.12 

2.5751 

1218149 

0.0108 

4 

3.068E-3 

44 , 316 

40.255 

2666 

123.53 

2.5345 

1218152 

0.0105 

3 

3.252E-3 

45.352 

40.729 

Test 

ID  5333- 

-FIG-1 

Page  5 

Pteax 

EvB/P 

a 

N 

da 

dN 

da/dX 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi [in] *.5) 

2664 

126.17 

2.5566 

1218156 

0.0107 

3 

3.774E-3 

45.830 

41.135 

2657 

128.45 

2.6083 

1218155 

0.0107 

3 

4.34SE-3 

46.308 

41.535 

2650 

130.35 

2.6178 

1218161 

0.0105 

3 

4.563E-3 

46.S04 

41.544 

2645 

132.55 

2.6285 

1218163 

0.021B 

4 

5 . 453E-3 

47.099 

42.135 

2623 

134.88 

2.6356 

1218165 

0.0193 

4 

4.835E-3 

47.45  = 

42.235 

136.66 

2.6475 

1218167 
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Automated  Fatigue  Crack 
Growth  Sate  Analysts 

Test  ID  5383-FCG-2  Geometry  C(T) 

Contract  SSC  10624-01  Orientation  T-L 

Material  5383-H116  Yield  (ksi)  35.4 

Temperature  (F)  75  Modulus  (Msi)  10.5 

Environment  RH  =  40% 


Specimen  Dimensions  (in) 


Thickness 

0.487 

Heigh 

t 

2.400 

Net  Thickness 

0.487 

Notch 

Depth 

1.000 

Width 

4.001 

Gage 

length 

0.500 

Frecrack  Earamet 

ers 

Fmax  (lbs) 

861.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Fmax 

(ksi  sqr( 

in] ) 

4.50 

Test  Parameters 

EvBP  Freq 

Fmax 

S 

At 

Kmaxi 

C 

DKi 

24.663  10.00 

0 

0.10 

1.180 

3.00 

4.00 

0.00 

32.708  10.00 

0 

0.10 

1.455 

10.56 

2.00 

0.00 

50.476  5.00 

2550 

0.10 

0.000 

0.00 

0.00 

0.00 

K  Coeff  C  Coeff 

.886  1.00098 

4.64  -4.66551 

-13.32  18.4601 

14.72  -236.825 

-5.6  1214.88 

-2143.57 

Visual  Observations 


EvB/P 

Crack (EvB/P) 

Crack (visual) 

Error 

CAF 

20.552 

0.554 

1.000 

0.006 

1.013 

21.843 

1.061 

1.060 

-0.001 

1.005 

23.570 

1.160 

1.160 

0.000 

1.003 

24.563 

1.186 

1.185 

-0.001 

1.001 

27.161 

1.250 

1.285 

-0.005 

O.SSS 

28.537 

1.341 

1.340 

-0.001 

0.592 

32.6S4 

1.478 

1.475 

-0.003 

0.985 

50.171 

1.884 

1.850 

0.006 

0.963 

102.347 

2.451 

2.450 

-0.001 

0.933 

Comments 

Date  of  test:  8/30/2006 

Waveform  Type  Sine 
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Test  ID  S383-PCG-2 


?max 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

24.66 

1.1898 

17585 

547 

24.73 

1.1925 

51634 

0.0076 

557 

24  .  :  4 

1.1974 

105433 

0.0056 

5€€ 

24.55 

1.2021 

161141 

0.0044 

576 

25.06 

1.2067 

211785 

:  .  3  C  4  3 

585 

25.18 

1.2117 

263538 

:  .  J  C  4  3 

556 

25.29 

1.2164 

308581 

0.0048 

€05 

25.42 

1.2213 

352797 

0.0048 

617 

25.53 

1.2262 

355540 

: . ;  c  4  3 

527 

25.65 

1.2305 

435531 

C  .  3  C  4  3 

€37 

25.76 

1.2355 

472285 

0.0048 

€48 

: 

1.2403 

508635 

C . 1C47 

650 

26.00 

1.2452 

544552 

0.0047 

671 

26.12 

1.2500 

578316 

0.0048 

€82 

26.24 

1.2545 

608611 

0.0047 

6S4 

26.36 

1.2553 

640421 

C . DC47 

705 

26.48 

1.2641 

670715 

0.0047 

718 

26.60 

1.2688 

657675 

: . ic 47 

725 

26.71 

1.2733 

723125 

0.0047 

742 

2  €  .  ;  4 

1.2780 

747366 

: . ic 4 7 

754 

26.56 

1.2828 

770392 

0.0047 

767 

27.08 

1.2873 

790954 

C . 1C47 

780 

27.21 

1.2922 

810385 

0.0047 

753 

27.33 

1.2965 

827836 

c .1:4- 

806 

27.45 

1.3015 

343346 

0.0047 

820 

27.58 

1.3063 

857303 

1C47 

834 

27.71 

1.3105 

865050 

0.0047 

848 

27.84 

1.3158 

875635 

0.0048 

862 

27.56 

1.3203 

888575 

0.004B 

877 

28.09 

1.3250 

856122 

0.0047 

852 

28.22 

1.3300 

902875 

0.0047 

508 

28.36 

1.3345 

908551 

: .  1  c  4  7 

523 

28.45 

1.3354 

913164 

0.0047 

538 

28.61 

1.3435 

917232 

0.0047 

554 

28.75 

1.3488 

921054 

0.0047 

570 

28.88 

1.3534 

924545 

0.0047 

585 

25.02 

1.3582 

527635 

C . 1C  47 

1004 

25.15 

1.3630 

530273 

0.0047 

1021 

29.28 

1.3676 

532585 

C . 1C  47 

1037 

29.41 

1.3721 

934777 

0.0047 

1055 

29.55 

1.3765 

536756 

: . ic 47 

1073 

29.69 

1.3817 

538610 

0.0047 

1051 

29.83 

1.3864 

540153 

C . 1C  47 

1105 

29.97 

1.3911 

941558 

0.0048 

Page  1 


dN 

da /dlC 

Kirax  deltaK 

(in/cyc) 

(ksi  [in)  *  .5) 

91344 

8.322E-3 

3.157 

2.841 

109507 

8.75SE-8 

3.206 

2.886 

48565 

9.160E-3 

3.271 

2.544 

50154 

9.510E-8 

3.335 

3.005 

47751 

1.003E-7 

3.404 

3.063 

45758 

1 . 052E-7 

3.476 

3.128 

43416 

1.108E-7 

3.545 

3.190 

40850 

1.166E-7 

3.617 

3.256 

35335 

1.21SE-7 

3.650 

3.321 

37587 

1.270E-7 

3.764 

3.387 

35445 

1.330E-7 

3.840 

3.456 

34082 

1.3SSE-7 

3.917 

3.526 

33072 

1.43SE-7 

3.956 

3.556 

31507 

l.SOOE-7 

4.077 

3.665 

25650 

1.571E-7 

4.157 

3.742 

28175 

1.658E-7 

4.242 

3.818 

26564 

1.75SE-7 

4.325 

3.892 

25056 

1.871E-7 

4.413 

3.571 

23278 

2.016E-7 

4.458 

4.045 

21653 

2.186E-7 

4.588 

4.129 

20036 

2.37SE-7 

4.681 

4.213 

18323 

2.628E-7 

4.773 

4.296 

16450 

2.S40E-7 

4.865 

4.3B2 

14774 

3.330E-7 

4.967 

4.470 

13032 

3.804E-7 

5.065 

4.558 

11381 

4.382E-7 

5.165 

4.652 

5  511 

5.106E-7 

5.270 

4.743 

8548 

5.S74E-7 

5.377 

4.835 

7346 

6.5S8E-7 

5.485 

4.536 

6266 

8.158E-7 

5.556 

5.036 

5420 

9.424E-7 

5.709 

5.138 

4738 

1.056E-6 

5.823 

5.240 

4127 

1.180E-6 

5.935 

5.345 

3614 

1.335E-6 

6.055 

5.445 

3238 

1.507E-6 

6.178 

5.560 

2924 

1.684E-6 

6.303 

5.673 

2610 

1.870E-6 

6.428 

5.785 

2344 

2.063E-6 

6.556 

5.501 

2092 

2.285E-6 

6.686 

6.017 

1B88 

2.S37E-6 

6.818 

6.137 

1725 

2.824E-6 

6.954 

6.255 

1555 

3.131E-6 

-  : ; 

6.3B6 

1425 

3.423E-6 

7.236 

6.513 
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Test  XD  S383~F*wG~2  Pscfe  2 


2max 

ZvB/P 

a 

N 

da 

dN 

da/dJi 

Kmax 

delraK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi  [in]  '“.5) 

1128 

30.11 

1.3958 

542540 

0.004B 

1254 

3.733E-6 

7.382 

6.644 

1147 

30.25 

1.4005 

944130 

0.0047 

1181 

4.028E-6 

7.531 

6.778 

1167 

30.39 

1.4054 

545304 

0.0047 

1096 

4.351E-6 

7.684 

6.516 

1187 

30.54 

1.4102 

546371 

0.0047 

1022 

4.6S4E-6 

7.835 

7.052 

1206 

30.67 

1.4146 

947278 

0.0047 

552 

5.018E-6 

7.992 

7.193 

1226 

• : . : ; 

1.4193 

948174 

0.0047 

876 

5.3S4E-6 

8.151 

7.336 

1248 

30.97 

1.4243 

545070 

0.0047 

815 

5.743E-6 

8.312 

7.4B1 

126S 

31.11 

1.4290 

545335 

0.0047 

783 

6.082E-6 

:  .  45 : 

7.632 

1290 

31.25 

1.4335 

950560 

0.0048 

738 

6.460E-6 

5.647 

7.7B2 

1311 

31.40 

1.4382 

951286 

0.0047 

685 

6.868E-6 

8.822 

7.535 

1334 

31.55 

1.4431 

551577 

0.0047 

657 

7.254E-6 

8.956 

8.097 

1357 

31.70 

1.4479 

552555 

0.004B 

628 

7.663E-6 

5.175 

8.261 

1380 

31.85 

1.4525 

953177 

0.0048 

552 

8.056E-6 

9.366 

8.425 

1404 

32.01 

1.4574 

953781 

0.0047 

564 

8.404E-6 

5.554 

8.555 

1428 

32.16 

1.4622 

954330 

0.0047 

541 

8.720E-6 

5.747 

8.773 

1452 

32.31 

1.4668 

954835 

0.0093 

1033 

5.000E-6 

5.944 

8.550 

1476 

32.46 

1.4715 

555363 

0.0094 

1005 

S.34SE-6 

10.135 

5.125 

52.  cl 

1.4762 

955844 

32.71 

1.4791 

556507 

1533 

33.00 

1.4880 

957438 

0.0189 

1874 

1.007E-5 

10.653 

9.591 

1555 

33.34 

1.4579 

958381 

0.0193 

1842 

1.050E-5 

10.855 

9.773 

1576 

33.65 

1.5073 

955280 

0.0190 

1728 

1.098E-5 

11.078 

5.970 

1597 

33.98 

1.5165 

560105 

0.0055 

831 

1.144E-5 

11.254 

10.165 

1618 

34.30 

1.5262 

960904 

0.0094 

785 

1.153E-5 

11.519 

10.367 

1640 

34.63 

1.5357 

961695 

0.0055 

754 

1.256E-5 

11.745 

10.571 

1662 

34.97 

1.5453 

962424 

0.0096 

726 

1.318E-5 

11.574 

10.776 

1684 

35.30 

1.5544 

963115 

0.0096 

651 

1.335E-5 

12.217 

10.595 

1708 

35.66 

1 . 5644 

963806 

0.0096 

654 

1.461E-5 

12.460 

11.214 

1732 

36.03 

1.5743 

564463 

0.0096 

625 

1.537E-5 

12.710 

11.439 

1754 

36.37 

1.5835 

965048 

0.0095 

555 

1.607E-5 

12.969 

11.672 

1778 

36.73 

1.5931 

565624 

0.0095 

567 

1.677E-5 

13.222 

11.500 

1802 

37.09 

1.6027 

966173 

0.0094 

537 

1.754E-5 

13.481 

12.133 

1826 

37.44 

1.6117 

966682 

0.0095 

516 

1.82SE-5 

13.751 

12.376 

1851 

37.82 

1.6214 

967207 

0.0055 

457 

1 . 505E-5 

14 . 715 

12.617 

1875 

38.20 

1.6310 

967687 

0.0095 

478 

1.588E-5 

14.256 

12.866 

1900 

38.57 

1.6402 

968146 

0.0096 

463 

2.078E-5 

14.581 

13.123 

1925 

38.96 

1.6455 

568605 

0.0096 

438 

2.178E-5 

14.870 

13.383 

1952 

39.36 

1.6557 

965042 

0.0095 

417 

2.280E-5 

15.170 

13.653 

1978 

39.76 

1.6655 

565457 

0.0056 

400 

2.403E-5 

15.470 

13.524 

2004 

40.15 

1.6787 

S65S32 

0.0056 

375 

2.534E-5 

15.774 

14.197 

2029 

40.54 

1.6875 

970187 

0.0095 

357 

2.671E-5 

16.088 

14.479 

2057 

40.97 

1.6578 

970543 

0.0095 

335 

2.830E-5 

16.415 

14.764 

2085 

41.40 

1.7076 

970881 

0.0095 

320 

2.557E-5 

16.732 

15.055 

2112 

41.81 

1.7165 

971183 

0.0097 

306 

3.16SE-5 

1' . 765 

15.358 

2139 

42.23 

1.7263 

971468 

0.0096 

287 

3.35SE-5 

17.402 

15.662 
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Tes-  ID  S383-FCG-2 


Eage  3 


E'rr-ax 

EvB/P 

a 

N 

da 

dll 

da/dll 

Kutax 

delzaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksi  [in]  5) 

2168 

42.67 

1.7360 

971752 

0.0095 

266 

3.578E-5 

17.750 

15.975 

21S7 

43.12 

1.7460 

972023 

0.0095 

253 

3 . 804E-5 

18.103 

16.293 

2226 

43.56 

1.7554 

972263 

0.0096 

240 

4.038E-5 

18.461 

16.615 

2254 

44.00 

1.7646 

972478 

0.0096 

223 

4.303E-5 

18.827 

16.945 

2284 

44.45 

1.7741 

972698 

0.0095 

209 

4.SS7E-S 

19.195 

17.276 

2314 

44.93 

1.7840 

972908 

0.0096 

198 

4.86SE-5 

19.577 

17.619 

2344 

45.40 

1.7936 

973091 

0.0096 

188 

5.133E-5 

19.969 

17.972 

2374 

45.87 

1.8032 

973274 

0.0097 

177 

5.468E-5 

20.363 

18.327 

2405 

46.35 

1.8128 

973448 

0.0097 

166 

5.845E-5 

. ^€3 

18.687 

2435 

46.34 

1.8222 

973606 

0.0097 

156 

6.243E-5 

21.178 

19.060 

2467 

47.35 

1.8321 

973758 

0.0096 

144 

6.763E-5 

21.60: 

19.447 

2501 

47.88 

1.8423 

973903 

0.0096 

133 

7.3S3E-5 

22.033 

19.830 

2532 

48.37 

1.8516 

974027 

0.0096 

123 

8.026E-5 

22.475 

20.230 

2563 

48.88 

1.8609 

974138 

0.0190 

217 

S.759E-5 

22.915 

20.624 

25S6 

49.40 

1.8706 

974244 

0.0192 

203 

9.459E-5 

23.359 

21.024 

49.93 

1.8801 

974341 

50.48 

1.8898 

974442 

2590 

51.01 

1.8991 

974544 

0.0191 

212 

9.010E-5 

23.791 

21.398 

2590 

51 . 57 

1.9089 

974654 

0.0195 

220 

8.844E-5 

23.969 

21.572 

2590 

52.14 

1.9186 

974764 

0.0193 

211 

9.164E-5 

24.141 

21.727 

2590 

52.71 

1.9282 

974865 

0.0097 

102 

9.536E-5 

24 . 315 

21.884 

2590 

53.30 

1.9380 

974963 

0.0097 

100 

S.786E-5 

24.490 

22 . C 41 

2590 

53.38 

1.9476 

975056 

0.0096 

96 

1.005E-4 

24.665 

22.201 

2590 

54.48 

1.9572 

975154 

0.0096 

93 

1.028E-4 

24.850 

22.365 

2590 

55.11 

1.9672 

975252 

0.0097 

92 

1.0S2E-4 

25.028 

22.525 

2590 

55.70 

1.9765 

975337 

0.0097 

90 

1.073E-4 

25.214 

22.692 

2590 

56 . 32 

1.9860 

975422 

0.0097 

87 

1.103E-4 

25.399 

22.859 

2590 

56.97 

1.9959 

975512 

0.0096 

84 

1.138E-4 

25.586 

23.027 

2590 

57 . 62 

2.0056 

975597 

0.0097 

82 

1.171E-4 

25.77; 

23.200 

2590 

58.26 

2.0152 

975678 

0.0097 

80 

1.21SE-4 

25.973 

23.376 

2590 

58.94 

2.0250 

975756 

0.0097 

77 

1.263E-4 

26.167 

23.550 

2590 

59.60 

2.0345 

975829 

0.0097 

75 

1.301E-4 

26.369 

23.732 

2590 

60.31 

2.0444 

975902 

0.0097 

73 

1.334E-4 

26.570 

23.513 

2590 

61.01 

2.0543 

975975 

0.0097 

71 

1.362E-4 

26.774 

24.057 

2590 

61.71 

2.0637 

976045 

0.0097 

70 

1.3SSE-4 

26.985 

24.286 

2590 

62.44 

2.0736 

976116 

0.0097 

68 

1.422E-4 

27.191 

24.472 

2590 

63.17 

2.0833 

976182 

0.0096 

65 

1.472E-4 

27.403 

24.663 

2590 

63.90 

2.0928 

976247 

0.0097 

63 

1.533E-4 

27.617 

24.555 

2590 

64.64 

2.1024 

976307 

0.0097 

60 

1.602E-4 

27.832 

25.048 

2590 

65.40 

2.1120 

976366 

0.0096 

58 

1.667E-4 

28.052 

25.247 

2590 

66.19 

2.1218 

976423 

0.009B 

57 

1.730E-4 

28.278 

25.450 

2590 

67. 0  0 

2.1318 

976478 

0.009B 

56 

1.770E-4 

28.502 

25.652 

2590 

67.78 

2.1411 

976530 

0.0098 

54 

1.816E-4 

28.742 

25.867 

2590 

68.64 

2.1514 

976586 

0.0098 

52 

1.878E-4 

28.972 

26.074 

2590 

69.48 

2.1611 

976640 

0.0097 

49 

1.96SE-4 

29.214 

26.252 
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Test  ID  S383-FCG-2  Page  4 


Prr.ax 

(lb) 

EvB/P 

a 

(in) 

N 

da 

(in) 

dN 

da/dN 

(in/cyc) 

Kroax  deltaK 
(ksi [in] ~.S) 

25S0 

70.32 

2.1708 

976687 

0.0055 

48 

2.064E-4 

29.454 

26.508 

25S0 

71.18 

2.1805 

576732 

0.005B 

46 

2.150E-4 

25.656 

26.726 

2550 

72.04 

2.1501 

976774 

0.0098 

43 

2.247E-4 

29.950 

26.554 

2550 

72.58 

2.2003 

576818 

0.005B 

41 

2.348E-4 

30.199 

27.178 

2550 

73.85 

2.2101 

576862 

0.0055 

35 

2.453E-4 

30.460 

27.413 

2550 

74.81 

2.2158 

576900 

0.0058 

38 

2.652E-4 

30.717 

2'. 644 

2550 

75.74 

2.2254 

976934 

0.009B 

36 

2.7S8E-4 

30.985 

27.885 

2550 

76.74 

2.2356 

576568 

0.009B 

33 

2.SS4E-4 

31.246 

2B.121 

2550 

77.65 

2.2451 

976555 

0.0058 

31 

3.131E-4 

31.524 

2B.370 

2550 

78.65 

2.2590 

977031 

0.0055 

30 

3.254E-4 

31.796 

28.615 

2550 

75.70 

2.2687 

9770S5 

0.0058 

23 

3.474E-4 

32.081 

28.872 

2550 

80.76 

2.2785 

577088 

0.005B 

27 

3.670E-4 

32.362 

25.125 

2550 

81.80 

2.2885 

977113 

0.0098 

25 

3.8S3E-4 

32.657 

25.385 

2550 

82.87 

2.2583 

577137 

0.0058 

24 

4.07SE-4 

32.545 

29.645 

2550 

83.54 

2.3080 

977161 

0.009B 

23 

4.337E-4 

33.247 

25.520 

2550 

85.08 

2.3181 

577183 

0.005B 

21 

4.64SE-4 

33.544 

30.188 

2550 

S6.1S 

2.3277 

977204 

0.0098 

20 

5.063E-4 

33.856 

30.468 

2550 

87.35 

2.3376 

577223 

0.009B 

15 

5.397E-4 

34.167 

2 3.747 

2550 

SB. 54 

2.3475 

977240 

0.0055 

18 

5.6S0E-4 

34.483 

31.031 

2550 

85.71 

2.3571 

977255 

0.0055 

16 

6.036E-4 

34.324 

31.320 

2550 

50.51 

2.3665 

977272 

0.0055 

15 

6.435E-4 

35.144 

31.626 

2550 

52.27 

2.3776 

577285 

0.005B 

15 

6.834E-4 

35.471 

31.520 

2585 

53.52 

2.3873 

977302 

0.0098 

14 

7.174E-4 

35.B21 

32.234 

2550 

54.77 

2.3568 

977314 

0.0055 

13 

7.645E-4 

36.153 

32.537 

2585 

56.07 

2.4065 

977327 

0.009B 

12 

8.148E-4 

36.502 

32.846 

2585 

57.40 

2.4162 

577335 

0.0095 

11 

8.70SE-4 

36.855 

33.167 

2585 

58.81 

2.4264 

977350 

0.0102 

11 

9.246E-4 

37.224 

33.455 

2585 

100.27 

2.4366 

577361 

0.0102 

11 

9.824E-4 

37.605 

33.835 

2585 

101.75 

2.4468 

577370 

0.0103 

10 

1.C5SE-3 

37.990 

34.173 

2586 

103. 2' 7 

2.4580 

577381 

0.0104 

5 

1.16SE-3 

38.350 

34.535 

2588 

104.77 

2.4676 

9773S0 

0.0104 

8 

1.270E-3 

38.803 

34.500 

2585 

2.4782 

577357 

0.0104 

8 

1.373E-3 

35.217 

35.280 

2588 

107.51 

2.4886 

977404 

0.0102 

7 

1.486E-3 

39.643 

35.660 

2588 

105.50 

2.4588 

977411 

0.0105 

7 

1.603E-3 

42.372 

36 . C  47 

2588 

111.11 

2.5050 

977417 

0.0104 

6 

1.63SE-3 

40.502 

36.432 

2588 

112.75 

2.5153 

577423 

0.0103 

6 

1.841E-3 

42 . 547 

26.526 

2585 

114.63 

2.5305 

977425 

0.0104 

5 

l.SSSE-3 

41.406 

37.238 

2587 

116.34 

2.5405 

577434 

0.0105 

5 

2.134E-3 

41.361 

27.645 

258c 

11B.0S 

2.5507 

977438 

0.0106 

5 

2.2S2E-3 

42.341 

38.066 

2586 

115.55 

2.5614 

977443 

0.010B 

4 

2 . 502E-3 

42.-.-: 

38.462 

2583 

121.88 

2.5718 

977447 

0.0106 

4 

2.76SE-3 

43.300 

38.510 

2582 

123.56 

2.5831 

977451 

0.0106 

4 

3.03SE-3 

43.S2S 

35.368 

2582 

126.31 

2.5954 

977455 

0.0105 

3 

3.S1SE-3 

44.283 

39.768 

2575 

128.01 

2.6041 

577457 

0.0106 

3 

3.624E-3 

44.856 

45.272 

2575 

130.01 

2.6142 

977460 

0.0104 

3 

3.S56E-3 

45.286 

40.634 

Test 

ID  5383- 

-FCG-2 

Page  5 

?ir.ax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi [in] “.S) 

2575 

132.12 

2.6245 

977462 

0.0103 

2 

4.271E-3 

45.780 

41.058  * 

2565 

134.40 

2.6355 

977465 

0.0205 

5 

4.171E-3 

46 . 24* 

41.448  * 

2564 

136.52 

2.6454 

977467 

0.0216 

4 

5.351E-3 

46.664 

41.766  * 

139.07 

2.6570 

977465 
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Automated  Fatigue  Crack 
Growth  Rate  Analysts 


Test  ID 

5383-FCG-3 

Geometry 

Contract 

SSC  10624-01 

Orientation 

Material 

5383-K116 

Yield  (ksi) 

Temperature 

(F)  75 

Modulus  (Msi) 

Environment 

Sea  Water 

Specimen 

Dimensions  (in) 

Thickness 

0.487 

Height 

Met  Thickness  0.487 

Notch  Cepth 

Width 

4.000 

Gage  length 

Frecrack 

Parameters 

Ena y.  (lbs) 

860.0 

Stress  Ratio 

Feral  a  (ini 

1.050 

Kmax  I'ksi  serr  \ ini ) 

Test  Parameters 

EvBP 

Freq  Fnax  R 

Ai  Kmaxi 

C 

25.056 

5.00  0  0.10 

1.180  2.40 

4.00 

33 . 659 

5.00  0  0.10 

1.521  9.37 

2.00 

55.211 

5.00  2400  0.10 

0.000  0.00 

0.00 

K  Coeff  C  Coeff 

.386 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

-2143.57 

Visual  Observations 

EvB/E  Crack !EvB/P)  Crack (visual)  Error 

CAF 

20.632 

1.024  1.001 

-0.023 

1.035 

21.843 

1.085  1.090 

0.005 

1.031 

23.350 

1.155  1.170 

0.015 

1.026 

24.006 

1.184  1.200 

0.016 

1.024 

26.368 

1.281  1.280 

-0.001 

1.017 

29.105 

1.382  1.380 

-0.002 

1.010 

33.513 

1.522  1.510 

-0.012 

1.001 

46.153 

1.824  1. 820 

-0.004 

0.982 

54.802 

1.975  1.980 

0.005 

0.973 

Comments 

Cate  of  test:  S/2/2006 

Waveform  Type  Sine 


C  (T) 
T-L 

35.4 

10.5 


2.400 

1.000 

0.500 


0.10 

4.50 


DKi 

0.00 

0.00 

0.00 
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Test  ID  5333-FCG-3 


Stax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

25.54 

1.2484 

214020 

503 

25.67 

1.2537 

251086 

0.0097 

510 

25.78 

1.2581 

250636 

0.0098 

520 

25.91 

1.2635 

321903 

0 . D043 

52S 

26.03 

1.2675 

353412 

:  .  3  C  4  6 

536 

26.12 

1.2716 

387345 

0.3046 

546 

26.26 

1.2773 

415215 

0.0046 

555 

it.r 

1.2315 

435457 

: . 3046 

564 

26.48 

1.2858 

465633 

0.0047 

574 

26.61 

1.2905 

488501 

0.0046 

584 

26.74 

1.2958 

505261 

0.0046 

5S4 

26  .  :  5 

1.3000 

528067 

: . 3047 

604 

26.58 

1.3048 

547452 

0.0047 

614 

27.10 

1.3053 

565287 

: . 3047 

625 

27.23 

1.3142 

582346 

0.0047 

635 

27.35 

1.3185 

558625 

0.0047 

646 

27.48 

1.3237 

614137 

0.0047 

657 

27.61 

1.3283 

628055 

0.0046 

668 

27.73 

1.3328 

635881 

0.0046 

675 

27.86 

1.3374 

650526 

: . 3047 

651 

27.59 

1.3421 

661352 

0.0046 

703 

28.12 

1.3468 

670784 

: . 3046 

715 

28.25 

1.3516 

675623 

0.0046 

727 

28.38 

1.3562 

687570 

0.0047 

735 

28.50 

1.3606 

654640 

0.3046 

751 

28.63 

1.3652 

701305 

0.3046 

764 

2B.77 

1.3700 

707343 

0.0047 

777 

28.90 

1.3746 

712742 

0.0047 

751 

2  5.04 

1.3795 

717823 

0.0047 

805 

29.18 

1.3843 

722653 

0.3047 

818 

29.31 

1.3887 

727375 

0 . 3047 

831 

25.45 

1.3934 

731851 

0.0046 

846 

29.58 

1.3982 

735713 

0.3046 

860 

29.72 

1.4028 

735005 

0.0046 

874 

29.86 

1.4074 

741855 

0.3046 

885 

30.00 

1.4120 

744501 

0.0047 

504 

30.13 

1.4166 

746818 

0.3047 

SIS 

30.28 

1.4213 

745005 

0.0047 

535 

30.42 

1.4262 

750584 

0.0047 

SSI 

30.57 

1.4308 

752755 

0.0047 

567 

30.71 

1.4354 

754335 

0.0047 

584 

30.85 

1.4401 

755326 

0.0047 

1000 

31.00 

1.4449 

757235 

0 . 3046 

1017 

31.14 

1.4495 

758505 

0.0046 

Page  1 


dil 

da/dN 

Kinax  delraK 

(in/ eye) 

(ksi [in] ~.S) 

76616 

1.261E-7 

2.956 

2.697 

70817 

1.382E-7 

3.065 

2  . "  5  5 

33533 

1.402E-7 

3.123 

2.811 

31355 

1.477E-7 

3.183 

2.8  65 

25166 

1.568E-7 

3.251 

2.526 

27B33 

1.669E-7 

3.308 

2.577 

25575 

1.828E-7 

3.377 

3.040 

23454 

2.002E-7 

3.446 

3.102 

22035 

2.121E-7 

3.513 

3.162 

20972 

2.261E-7 

3.584 

3.226 

.0402 

2.413E-7 

3.658 

3.252 

18288 

2.541E-7 

3.728 

3.355 

17479 

2.672E-7 

3.B04 

3.424 

16671 

2.840E-7 

3.B80 

3.492 

15405 

3.048E-7 

3.559 

3.563 

14273 

3.309E-7 

4.039 

3.635 

13168 

3.615E-7 

4.119 

3.707 

12  326 

3.SS8E-7 

4.201 

3.781 

4.344E-7 

4.284 

3.855 

5913 

4.752E-7 

4.370 

3.533 

5127 

5.158E-7 

4.458 

4.013 

8357 

5.622E-7 

4.547 

4.092 

7665 

6.158E-7 

4.638 

4.174 

6993 

6.749E-7 

4.729 

4.256 

6367 

7.465E-7 

4 . 822 

4.340 

5847 

8 .215E-7 

4.918 

4.426 

5457 

8.767E-7 

5.019 

4.517 

5090 

9.293E-7 

5.121 

4.609 

4728 

9.881E-7 

5.223 

4.701 

4377 

1.068E-6 

5.330 

4.797 

4013 

1.1S4E-6 

5.434 

4.891 

3641 

1.340E-6 

5.544 

4.589 

3240 

1.S12E-6 

5.654 

5.0B8 

2BSS 

1.6S3E-6 

5.766 

5.190 

2545 

1.889E-6 

5.880 

5.292 

2292 

2.088E-6 

5.957 

5.398 

2073 

2.306E-6 

6.118 

5.506 

1888 

2.538E-6 

6.241 

5.617 

1736 

2.773E-6 

6.366 

5.729 

1584 

3.006E-6 

6.455 

5.846 

1444 

3.269E-6 

6.623 

5.561 

1318 

3.562E-6 

6.757 

6.081 

1215 

3.867E-6 

6.B92 

6.203 
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Test  ID  5383-FCG-3  Page  2 


Pir.ax 

EvB/P 

a 

N 

da 

dH 

da/dN 

Kntax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksitin)-.S) 

1034 

31.25 

1.4541 

755646 

0.0047 

1135 

4.176E-6 

7.025 

6.322 

1051 

31.43 

1.4585 

760660 

0.0046 

1042 

4. 50 IE- 6 

7.166 

6.445 

1065 

31.58 

1.4632 

761652 

0.0046 

563 

4.843E-6 

7.308 

6.578 

1088 

31.73 

1.4681 

762634 

0.0047 

906 

5.1S0E-6 

7.454 

6.708 

noe 

31.88 

1.4727 

763488 

0.0047 

858 

S.458E-6 

7.606 

6.845 

1124 

32.03 

1.4773 

764286 

0.0047 

808 

5.842E-6 

7.757 

6.5B1 

1143 

32.15 

1.4820 

765081 

0.0047 

753 

6.234E-6 

7.910 

7.119 

1162 

32.2  4 

1.4866 

765307 

0.0047 

70S 

6.625E-6 

8.070 

7.263 

1182 

32.45 

1.4514 

766458 

0.0047 

672 

7.056E-6 

8.232 

7.405 

1203 

32.65 

1.4962 

767154 

0.0047 

631 

7.S17E-6 

8.396 

7.557 

1223 

32.80 

1.5008 

767740 

0.0047 

551 

7.S54E-6 

8.567 

7.711 

1244 

32.56 

1.5055 

768316 

0.0047 

556 

8.452E-6 

8.738 

7.864 

1265 

33.12 

1.5103 

768865 

0.0092 

1036 

8.S01E-6 

8.911 

8.020 

1286 

33.27 

1.5147 

765352 

0.0093 

968 

9.57SE-6 

9.092 

8.183 

33.44 

1.5156 

765833 

33.66 

1.5260 

770407 

1333 

33.77 

1.5253 

770712 

0.0100 

927 

1.0S2E-5 

5.544 

8.590 

1346 

34.01 

1.5360 

771334 

0.0160 

1464 

1.056E-5 

9.670 

8.703 

1364 

34.33 

1.5453 

772176 

0.0187 

1665 

1 . 12 IE- 5 

9.835 

8.851 

1382 

34.67 

1.5547 

773003 

0.0090 

748 

1.204E-5 

10.029 

9.026 

1401 

35.01 

1.5643 

773771 

0.0094 

758 

1.246E-5 

10.228 

9.205 

1420 

35.35 

1.5738 

774485 

0.0094 

728 

1.298E-5 

:: .431 

9.388 

1435 

35.70 

1.5831 

775198 

0.0094 

655 

1.352E-5 

10.633 

9.574 

1455 

36.05 

1.5925 

775884 

0.0094 

668 

1.401E-5 

10.B43 

9.763 

1478 

36.40 

1.6015 

776543 

0.0094 

645 

1.459E-5 

11.063 

5.556 

1458 

36.76 

1.6114 

777174 

0.0094 

617 

1.524E-5 

11.281 

10.153 

1518 

37.12 

1.6207 

777777 

0.0094 

590 

1.S92E-5 

11.507 

10.356 

1535 

37.52 

1.6303 

778354 

0.0094 

565 

1.662E-5 

11.731 

10.558 

1555 

37.86 

1.6356 

778902 

0.0094 

544 

1.732E-5 

11.964 

10.767 

1580 

38.23 

1.6485 

775424 

0.0094 

523 

1.801E-5 

10.532 

1601 

38.62 

1.6583 

775933 

0.0094 

504 

1.870E-5 

12.442 

11.197 

1623 

35.01 

1.6675 

780435 

0.0094 

485 

1.542E-5 

12.690 

11.421 

1645 

39.40 

1.6774 

780916 

0.0095 

467 

2.018E-5 

12.945 

11.650 

1667 

39.81 

1.6865 

781375 

0.0094 

448 

2.057E-5 

13.200 

11.880 

1685 

40.20 

1.6962 

781812 

0.0094 

425 

2.180E-5 

13.461 

12.115 

1711 

40 . 61 

1.7056 

782227 

0.0094 

411 

2.272E-5 

13.722 

12.350 

1733 

41.00 

1.7147 

782615 

0.0094 

357 

2.35SE-5 

13.951 

12.592 

1756 

41.42 

1.7241 

783011 

0.0094 

384 

2.456E-5 

14.265 

12.335 

1775 

41.84 

1.7336 

783384 

0.0094 

367 

2.S48E-5 

14.543 

13.093 

1803 

42.-2 

1.7432 

783758 

0.0094 

354 

2.659E-5 

13.356 

1827 

42.72 

1.7525 

784113 

0.0095 

341 

2.783E-5 

15.131 

13.618 

1850 

43.14 

1.7619 

784430 

0.0095 

325 

2.S05E-5 

15.431 

13.888 

1874 

43.59 

1.7713 

784743 

0.0095 

311 

3.040E-5 

15.737 

14.163 

1500 

44.05 

1.7811 

785056 

0.0094 

296 

3.134E-5 

16. 050 

14.443 

1525 

44.53 

1.7905 

785355 

0.0095 

286 

3.339E-5 

16.365 

14.732 
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Test  ID  53B3-FCG-3 


Pir.ax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

1545 

44.58 

1.8001 

785625 

0.0056 

1575 

45.44 

1.8054 

785887 

0.0094 

2001 

45.53 

1.8152 

786144 

D.DC53 

2027 

46.42 

1.8287 

786371 

0.0055 

2051 

46.8  6 

1.8372 

786581 

:.3C55 

2078 

47.37 

1.8465 

786801 

0.005S 

2105 

47.85 

1.8568 

787020 

C . DC  54 

2133 

4  8.42 

1.8667 

787222 

0.0056 

2160 

48.54 

1.8761 

787404 

2187 

45.45 

1.8854 

787578 

0.0096 

2215 

45.55 

1.8950 

787744 

0.0095 

2243 

50.54 

1.9047 

787504 

0.0095 

2271 

51.05 

1.9141 

788045 

C . DC  55 

2300 

51.64 

1.9236 

788185 

0.0095 

2325 

52.21 

1.5332 

788313 

0.0095 

2357 

52.76 

1.5423 

788425 

0.0095 

2386 

53.34 

1.9518 

788540 

0.0191 

2416 

53.54 

1.5614 

788641 

0.0190 

54 . 53 

1.9709 

788732 

55.21 

1.5815 

788832 

2400 

55.75 

1.9907 

788930 

0.0187 

2400 

56.37 

2.0007 

785035 

0.0204 

2400 

57.03 

2.0111 

785145 

0.0205 

2400 

57.67 

2.0211 

785251 

0.0102 

2400 

58.34 

2.0315 

785353 

0.0102 

2400 

55.02 

2.0418 

785454 

0.0101 

2400 

55.70 

2.0515 

785548 

0.0102 

2400 

60.37 

2.0617 

785637 

C . 3101 

2400 

61.07 

2.0718 

785731 

0.0101 

2400 

61.81 

2.0823 

785820 

0.0100 

2400 

62.51 

2.0922 

785901 

0.0101 

2400 

63.25 

2.1024 

785583 

C . D101 

2400 

63.57 

2.1121 

790060 

0.0100 

2400 

64.72 

2.1221 

790136 

C  .  DIC'D 

2400 

65.52 

2.1326 

790216 

0.0100 

2400 

66.25 

2.1425 

750251 

c . dig: 

2400 

€7.07 

2.1524 

790365 

0.0101 

2400 

£7.87 

2.1624 

750435 

C . D101 

2400 

68.70 

2.1725 

750505 

0.0102 

2400 

€5.55 

2.1828 

750575 

0.0102 

2400 

70.41 

2.1931 

750642 

0.0102 

2400 

71.25 

2.2034 

750707 

C . D101 

2400 

72.19 

2.2136 

750764 

0.0101 

2400 

73.07 

2.2236 

750817 

c . dig: 

2400 

73.55 

2.2333 

790870 

0.0100 

Page  3 


dN 

da/dN 

Kmax 

deltaiC 

(in/cyc) 

(ksi[in]~.S) 

271 

3.S20E-5 

16.656 

15.027 

254 

3.6S8E-5 

17.027 

15.324 

241 

3.854E-5 

17.363 

15.626 

233 

4.077E-5 

17.655 

15.526 

223 

4.270E-5 

18.048 

16.243 

210 

4.4S2E-5 

18.355 

16.556 

201 

4.711E-5 

18.769 

16.852 

154 

4.S80E-5 

19.144 

17.230 

184 

5 .258E-5 

15.526 

17.573 

172 

5.S76E-5 

19.910 

17.515 

161 

5.S17E-5 

20.304 

18.273 

152 

6.31SE-5 

20.705 

18.634 

142 

6.734E-5 

21.117 

19.005 

133 

7.1S8E-5 

21.533 

19.380 

123 

7.751E-5 

21.54: 

19.754 

114 

8.377E-5 

22.383 

20.145 

212 

S.007E-5 

22.815 

20.533 

192 

S.S14E-5 

23.265 

20.538 

207 

S.056E-5 

23.642 

21.276 

215 

S.324E-5 

23.817 

21.435 

212 

S.650E-5 

24.002 

21.601 

103 

S.86SE-5 

24.156 

21.776 

100 

1.016E-4 

24.385 

21.549 

57 

1.042E-4 

24.584 

22.126 

55 

1.070E-4 

24.780 

22.302 

51 

1.101E-4 

24.980 

22.4B2 

88 

1.140E-4 

25.182 

22.664 

85 

1.176E-4 

25.385 

22.847 

83 

1.212E-4 

25.557 

23.038 

81 

1.252E-4 

25.802 

23.222 

75 

1.277E-4 

26.015 

23.414 

77 

1.2S6E-4 

26.232 

2  3  :  D  5 

75 

1.321E-4 

26.448 

23.ED3 

74 

1.348E-4 

26.672 

24. C DS 

73 

1.378E-4 

26.894 

24.205 

71 

1.417E-4 

27.121 

2  4 . 4  D  5 

€5 

1.460E-4 

27.355 

24.619 

€7 

1.520E-4 

27.553 

24.833 

64 

1.SS5E-4 

27.836 

25.052 

€1 

1.67SE-4 

28.083 

25.275 

58 

1.767E-4 

28.330 

25.496 

55 

1.845E-4 

28.573 

25.720 

52 

1.S10E-4 

28.831 

25.548 
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Test  ID  S3B3-FCG-3  Page  4 


Pteax 

EvB/P 

a 

N 

da 

dN 

da/ dlC 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/ eye) 

(ksl  (in)  ''.5) 

2400 

74.90 

2.2436 

790521 

0.0100 

52 

1.54SE-4 

29.083 

26.175 

2400 

75.83 

2.2535 

790971 

0.0101 

50 

1.552E-4 

25.344 

26.409 

2400 

76.76 

2.2634 

791021 

0.0101 

48 

2.06SE-4 

25.612 

26.650 

2400 

77.77 

2.2738 

791073 

0.0101 

47 

2.162E-4 

29.880 

26.892 

2400 

78.79 

2.2841 

751115 

0.0102 

45 

2.304E-4 

30.156 

27.140 

2400 

79.78 

2.2935 

791155 

0.0103 

42 

2.470E-4 

30.436 

27.392 

2400 

5  0.53 

2.3042 

751201 

0.0102 

35 

2.656E-4 

30.728 

27.654 

2400 

81.94 

2.3145 

751235 

0.0101 

36 

2.831E-4 

31.016 

27.515 

2400 

53.03 

2.3251 

791273 

0.0102 

34 

3.016E-4 

31.315 

28.182 

2400 

84.09 

2.3345 

791305 

0.0102 

32 

3.218E-4 

31.604 

28.443 

2400 

85.13 

2.3444 

751334 

0.0101 

30 

3.337E-4 

31 . 510 

28.718 

2400 

86.34 

2.3552 

751364 

0.0099 

28 

3.S38E-4 

32.213 

28.591 

2400 

87.54 

2.3656 

751392 

0.0101 

27 

3.65SE-4 

32.533 

29.278 

2400 

88.69 

2.3755 

751418 

0.0101 

26 

3.845E-4 

32.842 

25.557 

2400 

89.80 

2.3848 

751443 

0.0100 

25 

3.555E-4 

33.165 

29.847 

2400 

91.06 

2.3552 

751468 

0.0100 

24 

4.15SE-4 

33.475 

30.130 

2400 

92.31 

2.4053 

751491 

0.0101 

23 

4.415E-4 

33.818 

30.435 

2400 

93.59 

2.4154 

751514 

0.0103 

22 

4.66SE-4 

34.185 

1  j .  "  4 1 

2400 

94.90 

2.4257 

751535 

0.0102 

21 

4.SOOE-4 

34.513 

31.060 

2400 

96.30 

2.4363 

751556 

0.0101 

20 

5.1S0E-4 

34.866 

31.378 

2400 

97.65 

2.4464 

791575 

0.0101 

18 

5 . S04E-4 

35.232 

31.707 

2400 

59.02 

2.4564 

751553 

0.0101 

17 

5.563E-4 

35.586 

32.115 

2400 

100.37 

2.4661 

791605 

0.0101 

16 

6.434E-4 

35.950 

32.352 

2400 

101.77 

2.4759 

751624 

0.0100 

IS 

6.871E-4 

36.318 

32.683 

2400 

103.25 

2.4861 

751637 

0.0101 

14 

7.346E-4 

36.704 

33.030 

2400 

104.81 

2.4566 

751651 

0.0102 

13 

7.867E-4 

37.087 

33.374 

2395 

106.30 

2.5064 

791664 

0.0102 

12 

8.459E-4 

37.508 

33.753 

2400 

107.97 

2.5172 

751676 

0.0107 

12 

9.410E-4 

37.904 

34.107 

2399 

109.57 

2.5274 

751687 

0.0102 

10 

1.031E-3 

38.327 

34.486 

2399 

111.15 

2.5374 

751656 

0.0102 

5 

1.11SE-3 

38.808 

34.514 

2400 

113.30 

2.5502 

791706 

0.0100 

9 

1.217E-3 

39.177 

35.250 

2400 

114.60 

2.5578 

751713 

0.0101 

8 

1.2S1E-3 

39.665 

35.685 

2399 

116.25 

2.5676 

791720 

0.0101 

8 

1.346E-3 

40.050 

36.037 

2399 

118.03 

2.5775 

751727 

0.0097 

7 

1.402E-3 

40.503 

36.448 

2400 

119.52 

2.SB75 

791734 

0.0102 

7 

1.456E-3 

40.952 

36.848 

2399 

121.76 

2.5975 

791741 

0.0103 

7 

1.518E-3 

41.433 

37.279 

2399 

123.70 

2.6082 

791748 

0.0104 

6 

1.633E-3 

41.918 

37.711 

2398 

125.79 

2.6150 

751755 

0.0103 

6 

1.773E-3 

42.423 

38.161 

2399 

127.85 

2.6256 

791760 

0.0103 

6 

1.S32E-3 

42.933 

38.616 

2398 

129.56 

2.6355 

751765 

0.0104 

5 

2.122E-3 

43.454 

39.087 

2399 

131.55 

2.6456 

791770 

0.0104 

5 

2.315E-3 

43.566 

39.537 

2398 

134.17 

2.6555 

751774 

0.0105 

4 

2.54SE-3 

44.512 

4  0. 119 

2397 

136.51 

2.6706 

791778 

0.0104 

4 

2.814E-3 

45.051 

40.S03 

2397 

138.90 

2.6313 

751782 

0.0106 

3 

3.270E-3 

45.620 

41.010 

2395 

141.47 

2.6525 

791785 

0.0115 

3 

4.175E-3 

46.087 

41.403 

Test 

ID  5333- 

-FCG-3 

Page  5 

?max 

EvB/P 

a 

N 

da 

dN 

da /die 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(kst [in] *.5) 

2383 

143.82 

2.7025 

751788 

0.0129 

3 

4.988E-3 

46.684 

41.531 

2384 

146.36 

2.7131 

791790 

0.0286 

4 

7.15SE-3 

47.305 

42.443 

2375 

150.87 

2.7312 

751792 

0.0345 

5 

6.574E-3 

47.886 

42.511 

155.25 

2.7475 

791755 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 


lest  ID 

5383-FCG-45 

Geometry 

:  c 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5383-K116 

Yield  (ksi) 

35.4 

Temperature 

(F)  75 

Modulus  (Msi) 

10.5 

Environment 

RH  =  40% 

Specimen 

Dimensions  (in) 

Thickness 

0.486 

Height 

2.400 

Net  Thickness  0.4B6 

Notch  Depth 

1.000 

Width 

4.002 

Gage  Length 

0.500 

Frecrack 

Parameters 

Fnax  (lbs) 

859.0 

Stress  Ratio 

0.10 

F ir.al  a  tin 

1.050 

Kmax  I’ksi  sarfin'M 

4.50 

Test  Parameters 

EvBP 

Freq  Fnax  R 

Ai  Kmaxi 

C 

DKi 

23.789 

5.00  0  0.10 

1.140  3.10 

4.00 

0.00 

30.408 

5.00  0  0.10 

1.416  9.34 

2.00 

0.00 

48.S73 

5.00  2575  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff  C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

-2143.57 

Visual  Observations 

EvB/E'  Crack  (EvB/P)  Crack  (visual)  Error 

CAF 

20.753 

0.983  1.002 

0.019 

0.993 

21.841 

1.041  1.040 

-0.001 

0.991 

23.480 

1.121  1.100 

-0.021 

0.989 

23.760 

1.134  1.170 

0.036 

0.989 

26.667 

1.260  1.260 

0.000 

0 . 986 

27.531 

1.294  1.280 

-0.014 

0.985 

30.339 

1.397  1.380 

-0.017 

0.983 

34.274 

1.523  1.490 

-0.033 

0.980 

48.661 

1.865  1.880 

0.015 

0.972 

59.300 

2.043  2.080 

0.037 

0.969 

66.619 

2.142  2.120 

-0.022 

0.966 

101.006 

2.462  2.460 

-0.002 

0.959 

Comments 

Cate  of  test:  S/17/2006 
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Waveform  Type 


Sine 


Test  ID  53B3-FIG-45 


Pirtax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

23.88 

1.1397 

98879 

592 

23.99 

1.1451 

149517 

0.0100 

601 

14.13 

1.1497 

154776 

: . oioi 

613 

24.22 

1.1554 

230177 

0.0051 

623 

24.32 

1.1601 

262338 

0.0049 

633 

24.43 

1.1650 

290853 

0.0050 

644 

24.55 

1.1701 

316914 

C - 0C43 

654 

24.65 

1.1748 

335948 

0.0045 

666 

14.77 

1.1798 

357374 

: .  0  C  4  9 

676 

24.87 

1.1844 

376314 

0.0045 

688 

24.35 

1.1896 

393740 

C . DC  45 

699 

25.09 

1.1541 

410257 

0.0045 

711 

25.21 

1.1994 

426017 

: .  o  c  5 : 

724 

25.33 

1.2044 

435353 

0.004S 

736 

25.44 

1.2053 

451477 

0.0049 

749 

25.56 

1.2143 

461655 

0.0045 

761 

25.67 

1.2191 

471354 

C  .  3  C  4  S 

774 

25.78 

1.2237 

480365 

0.0045 

788 

25.91 

1.2289 

488858 

C . 3C4S 

801 

26.02 

1.2336 

457041 

0.0045 

814 

26.14 

1.2387 

504015 

: .  3  C  4  9 

827 

26.25 

1.2431 

510148 

0.0045 

842 

26.38 

1.2486 

516358 

0.0100 

856 

26.49 

1.2531 

521884 

0.0055 

870 

26.62 

1.2580 

526854 

3.3453 

999 

27.63 

1.2980 

552597 

0.0442 

1013 

27.73 

1.3022 

554786 

2 .  3  C  5  5 

1030 

27.86 

1.3065 

556656 

0.0095 

1047 

27.99 

1.3117 

558363 

1065 

28.11 

1.3167 

555989 

0.0049 

1083 

28.25 

1.3218 

561534 

3  .  3  C  5  3 

1102 

2B.38 

1.3268 

562916 

0.0050 

1121 

28.51 

1.3318 

564152 

C  .  3  C  4  9 

1140 

2B.65 

1.3367 

565260 

0.0045 

1159 

28.78 

1.3415 

566255 

3  .  3  C  4  9 

1179 

28.91 

1.3463 

567184 

0.0045 

1199 

29.04 

1.3513 

568055 

C  .  3 1 4  9 

1219 

29.17 

1.3561 

568851 

0.0045 

1240 

29.31 

1.3610 

565595 

0.0049 

1261 

25.45 

1.3655 

570295 

0.0049 

1282 

29.59 

1.3709 

570970 

: .  o  c  4  s 

1304 

29.72 

1.3757 

571607 

: .  3  C  4  5 

1326 

29.86 

1.3807 

572178 

C  .  3  C  4  9 

1347 

30.00 

1.3853 

572690 

0.0054 
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dil 

da/dN 

Kmax  deltaK 

(in/ eye) 

(ksi[in) ~.S) 

55397 

1.043E-7 

3.255 

2.966 

80660 

1.265E-7 

3.370 

3.033 

36335 

1.477E-7 

3.435 

3.091 

31735 

1.654E-7 

3.508 

3.158 

27100 

1.889E-7 

3.580 

3.222 

24356 

2.057E-7 

3.649 

3.284 

21817 

2.344E-7 

3.725 

3.352 

15901 

2.505E-7 

3.795 

3.415 

18184 

2.714E-7 

3.B74 

3.437 

16568 

2.541E-7 

3.948 

3.553 

15684 

3.184E-7 

4.031 

3.628 

14224 

3.5S6E-7 

4.113 

3.701 

12936 

3.588E-7 

4.155 

3.776 

21685 

4.385E-7 

4.285 

3.856 

10480 

4.783E-7 

4.368 

3.531 

5615 

5.147E-7 

4.457 

4.011 

8757 

5.580E-7 

4.547 

4.093 

8082 

6.017E-7 

4.636 

4.172 

7501 

6.660E-7 

4.731 

4.258 

6915 

7.224E-7 

4.822 

4.340 

6326 

7.842E-7 

4.924 

4.432 

11736 

8.521E-7 

5.017 

4.516 

10496 

9.030E-7 

5.124 

4.612 

31113 

1.446E-6 

0.000 

0.000 

27932 

1.581E-6 

0.000 

0.000 

3655 

2.434E-6 

6.265 

5.638 

3577 

2.662E-6 

6.379 

5.741 

3333 

2.533E-6 

6.507 

5.856 

1561 

3.203E-6 

6.638 

5.974 

1434 

3.517E-6 

6.775 

6.098 

1315 

3.855E-6 

6.914 

6.223 

1155 

4 .225E-6 

7.057 

6.351 

1088 

4.617E-6 

7.157 

6.477 

985 

5.011E-6 

7.343 

6.609 

507 

5 . 431E-6 

7.489 

6.740 

840 

5.864E-6 

7.638 

6.874 

786 

6.285E-6 

7.754 

7.015 

737 

6.655E-6 

7.548 

7.153 

687 

7.160E-6 

8.110 

7.295 

640 

7 . 651E-6 

8.273 

7.445 

555 

8.187E-6 

8.442 

7.598 

563 

8.718E-6 

8.606 

7.745 

1010 

9.343E-6 

8.781 

7.903 
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Test  ID  53S3-FCG-45  Page  2 


Bmax 

EvB/P 

a 

N 

da 

dN 

da/di; 

Kmax 

deltaK 

(lb! 

(in) 

(in) 

(in/ eye) 

(kst (in] ~.S) 

1370 

30.13 

1.3502 

573188 

0.0057 

585 

S.83SE-6 

8.952 

8.057 

30.27 

1.3551 

573675 

.  " 

1.5263 

581558 

1655 

34.66 

1.5348 

582335 

0.0183 

857 

2.13SE-5 

12.195 

10.575 

1722 

14 . 55 

1 . 5446 

582815 

0.01S6 

950 

2.067E-5 

12.426 

11.183 

1744 

35.33 

1.5544 

583285 

0.0158 

915 

2.153E-5 

12.676 

11.408 

1768 

35.65 

1.5644 

583734 

0.0055 

443 

2.234E-5 

12.530 

11.637 

1752 

36.04 

1.5744 

584171 

0.0055 

426 

2.320E-5 

13.152 

11.873 

1817 

36.40 

1.5845 

584556 

0.0055 

410 

2.414E-5 

13.457 

12.112 

1841 

36.76 

1.5542 

584550 

0.0055 

356 

2.45SE-5 

13.727 

12.354 

1865 

37.11 

1.6035 

585368 

0.0058 

378 

2.553E-5 

14. Jl 4 

12.604 

1851 

37.45 

1.6140 

585746 

0.0058 

362 

2.658E-5 

14.281 

12.853 

1516 

37.86 

1.6237 

586105 

0.005S 

352 

2.812E-5 

14.565 

13.112 

1541 

38.23 

1.6335 

586435 

0.0055 

335 

2.S2SE-5 

14.855 

13.373 

1567 

38.61 

1.6433 

586770 

0.0058 

323 

3.052E-5 

15.163 

13.646 

1555 

35.02 

1.6537 

587101 

0.005S 

309 

3.1SSE-5 

15.467 

13.920 

2021 

35.41 

1.6636 

587400 

0.005S 

298 

3.323E-5 

15.780 

14.202 

2048 

35.75 

1.6730 

587682 

0.0055 

285 

3.467E-5 

16.100 

14.490 

2075 

40.20 

1.6831 

587561 

0.0098 

270 

3.631E-5 

16.417 

14.775 

2103 

40.61 

1.6525 

588228 

0.0098 

258 

3.806E-5 

16.750 

15.075 

2130 

41.02 

1.7028 

588482 

0.0099 

247 

3.558E-5 

17.085 

15.377 

2155 

41.44 

1.7128 

588723 

0.0098 

234 

4.1S4E-5 

17.430 

15.6B7 

2188 

41.86 

1.7226 

588550 

0.0098 

222 

4.417E-5 

17.777 

15.595 

2216 

42.25 

1.7323 

585163 

0.0098 

211 

4.64SE-5 

18.128 

16.316 

2244 

42.71 

1.7418 

585366 

0.0098 

201 

4.856E-5 

18.486 

16.638 

2273 

43.14 

1.7517 

585555 

0.0098 

185 

5.176E-5 

18.856 

16.571 

2304 

43.60 

1.7617 

585748 

0.0098 

175 

5.505E-5 

15.235 

17.311 

2334 

4 4  .  06 

1.7717 

585527 

0.0099 

165 

5.87SE-5 

19.616 

17.654 

2363 

44.50 

1.7812 

550082 

0.0095 

155 

6.258E-5 

20.014 

18.013 

2355 

44.56 

1.7511 

550234 

0.0095 

148 

6.718E-5 

20.408 

18.367 

2426 

45.44 

1.8011 

550375 

0.0099 

138 

7.229E-5 

20.815 

18.734 

2457 

45.51 

1.8105 

550511 

0.0095 

130 

7.734E-5 

11.241 

19.117 

2485 

46.41 

1.8211 

550637 

0.0099 

121 

8.271E-5 

21.667 

19.500 

2522 

46.50 

1.8310 

550752 

0.0095 

113 

8.836E-5 

22. 113 

19.852 

2554 

47.35 

1.8407 

550855 

0.0155 

205 

9.346E-5 

22.543 

20.253 

2587 

47.85 

1.8506 

5S0S61 

0.0199 

158 

1.003E-4 

22.955 

20.696 

48.41 

1.8606 

551057 

48.57 

1.8713 

551167 

2575 

45.45 

1.8803 

551265 

0.0190 

211 

8.S82E-5 

23.353 

21.054 

2575 

45.55 

1.8502 

551378 

0.0198 

215 

S.223E-5 

23.554 

21.199 

2575 

50 . 53 

1.5001 

551484 

0.0197 

208 

9.493E-5 

23.726 

21.353 

2575 

51.08 

1.5100 

551586 

0.0099 

55 

S.SS3E-5 

23.BS3 

21.508 

2575 

51.63 

1.5157 

551675 

0.0098 

55 

1.038E-4 

It  07  j 

21.666 

2575 

52.20 

1.5257 

551773 

0.009S 

52 

1.073E-4 

24.243 

21.824 

2575 

52.77 

1.5356 

551862 

0.005S 

90 

1.103E-4 

24.427 

21.584 
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Test  ID  53S3-FCG-45  Page  3 


Pirtax 

EvB/P 

a 

N 

da 

dN 

da/dX 

Kmax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi  (in) '  .5) 

2575 

53.34 

1.9493 

591947 

0.0099 

87 

1.12SE-4 

24.605 

22.148 

2575 

53.  S3 

1.9592 

592037 

0.0099 

85 

1.1S7E-4 

24.752 

22.313 

2575 

54.54 

1.9693 

592123 

0.0100 

83 

1.194E-4 

24.977 

22.480 

2575 

55.14 

1.9790 

592203 

0.0100 

81 

1.236E-4 

25.171 

22.654 

2575 

55. 7S 

1.9893 

592285 

0.0059 

77 

1.289E-4 

25.364 

22.828 

2575 

56.44 

1.9997 

592362 

0.0099 

74 

1.338E-4 

25.557 

2  • 

2575 

57.04 

2.0091 

592430 

0.0099 

71 

1.337E-4 

25.756 

23.180 

2575 

57. 6S 

2.0188 

592500 

0.0194 

136 

1.427E-4 

25.947 

23.352 

2575 

58.32 

2.0285 

592566 

0.0197 

131 

1.504E-4 

26.14  = 

23.533 

2575 

59.00 

2.0385 

592631 

0.1208 

645 

1.862E-4 

0.000 

0.000 

2575 

67.20 

2.1493 

593215 

0.1291 

660 

1.956E-4 

0.000 

0.000 

2575 

68.71 

2.1676 

593251 

0.0281 

114 

2.468E-4 

29.161 

26.243 

2575 

6S.53 

2.1775 

553325 

0.015S 

76 

2.613E-4 

29.511 

26.560 

2575 

70. 3S 

2.1875 

593367 

0.0198 

75 

2.642E-4 

29.760 

26.784 

2575 

71.24 

2.1973 

553404 

0.0099 

37 

2.659E-4 

30.020 

27.017 

2575 

72.16 

2.2076 

553442 

0.0100 

35 

2.805E-4 

3C .276 

27.248 

2575 

73.06 

2.2176 

553478 

0.0101 

34 

2.963E-4 

30.535 

27.485 

2575 

73.  S4 

2.2272 

553510 

0.0101 

33 

3.121E-4 

30.810 

27.728 

2575 

74.9  3 

2.2375 

553541 

0.0100 

30 

3.343E-4 

3i  3 : . 

27.974 

2575 

75. 8S 

2.2480 

553571 

0.0100 

28 

3.560E-4 

31 .355 

25.222 

2575 

76.53 

2.2578 

553555 

0.0100 

27 

3.71CE-4 

31.640 

28.475 

2575 

77.78 

2.2674 

553622 

0.0099 

26 

3.820E-4 

3. . 92. 

2B.728 

2575 

78.78 

2.2773 

553647 

0.0100 

25 

3.9S2E-4 

32.202 

28.580 

2575 

7S.78 

2.2872 

553673 

0.0100 

24 

4.137E-4 

32.491 

29.242 

2575 

5  3.53 

2.2970 

553657 

0.0100 

24 

4.265E-4 

32.797 

29.516 

2575 

81.  S3 

2.3077 

553720 

0.0100 

23 

4.477E-4 

33.052 

29.782 

2575 

2.3175 

553742 

0.0100 

21 

4.736E-4 

33 .413 

30.070 

2575 

84.10 

2.3277 

553763 

0.0101 

20 

5.006E-4 

33.718 

30.345 

2575 

85. IS 

2.3375 

593782 

0.0099 

19 

5.308E-4 

it . 335 

..  :.. 

2575 

86.31 

2.3473 

553800 

c . : : 99 

17 

5.741E-4 

34.362 

30.924 

2575 

87.52 

2.3578 

553318 

0.0099 

16 

6.301E-4 

34.678 

31.208 

2575 

88.65 

2.3674 

553833 

0.0100 

15 

6.825E-4 

ii . 31 : 

31.507 

2575 

5  S  .  5  3 

2.3769 

5S3S46 

0.0100 

14 

7.337E-4 

35.345 

31.812 

2575 

91.07 

2.3873 

553859 

0.009S 

13 

7.7S8E-4 

35.688 

32.117 

2575 

92.36 

2.3976 

593872 

0.0100 

12 

8.232E-4 

36.037 

32.430 

2575 

S3. 58 

2.4071 

553383 

0.0101 

12 

8.526E-4 

36.353 

32.755 

2575 

94.59 

2.4172 

553895 

0.0101 

12 

8.796E-4 

36.754 

33.075 

2575 

96.25 

2.4275 

593506 

0.0100 

11 

9.133E-4 

37.128 

33.411 

2575 

97.64 

2.4377 

593917 

0.0105 

11 

9.704E-4 

37.507 

33.752 

2575 

99.03 

2.4478 

593928 

0.0102 

10 

1.028E-3 

37.884 

34.091 

2574 

100.38 

2.4574 

593937 

0.0103 

10 

1.053E-3 

38.320 

34.4^6 

2574 

102 .16 

2.4699 

593947 

0.0102 

9 

1.182E-3 

38.681 

34.5 36 

2575 

103.40 

2.4785 

593555 

0.0102 

8 

1.253E-3 

35.14! 

35.222 

2574 

105.02 

2.4895 

593963 

0.0103 

8 

1.34SE-3 

35.522 

35.562 

2574 

106.43 

2.4991 

593970 

0.0100 

7 

1.445E-3 

39.954 

35.553 
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Test 

ID  5383- 

-F3G-4S 

Pniax 

EvB/P 

a 

(lb) 

(in) 

2575 

107.59 

2.5085 

2574 

109.62 

2.5193 

2574 

111.32 

2.5258 

2574 

113.00 

2.5401 

2574 

114.72 

2.5503 

2574 

116.41 

2.5602 

2574 

118.22 

2.5704 

2574 

120.16 

2.5313 

2573 

122.25 

2.5926 

2572 

124.12 

2.6026 

2573 

125 . 91 

2.6118 

2571 

127 . 90 

2.6220 

2568 

130.18 

2.6333 

2560 

132.74 

2.6456 

2563 

135.08 

2.6566 

2560 

137.14 

2.6661 

2556 

139.37 

2.6761 

2540 

141.95 

2.6873 

2532 

144.15 

2.6567 

146. 4B 

2.7064 

N 

da 

(in) 

dll 

553977 

0.0103 

7 

553983 

0.0101 

6 

593585 

0.0102 

6 

553955 

0.0103 

5 

554000 

0.0103 

5 

5540C4 

0.0105 

5 

554015 

0.0104 

4 

554013 

0.0103 

4 

554018 

0.0103 

4 

554021 

0.0105 

4 

554024 

0.0107 

3 

554027 

0.0107 

3 

554030 

0.0106 

3 

554033 

0.0107 

2 

554035 

0.0105 

2 

554036 

0.0106 

2 

554038 

0.0101 

1 

554035 

0.0207 

2 

554040 

554041 

0.0191 

2 

Page  4 


da/dli  Kmax  deitaK 

(in/cyc)  (ks_ tin) ~ . 5) 


1.552E-3 

40.371 

36.323 

1.654E-3 

4: . 2.4 

36.721 

1.810E-3 

41.261 

37.121 

1.S42E-3 

41.722 

37.534 

2.0S7E-3 

42.182 

37.545 

2.1S1E-3 

42.653 

3B.366 

2.3S4E-3 

43.147 

23.335 

2.538E-3 

43 . 660 

39.267 

2.806E-3 

44.162 

35.715 

3.032E-3 

44.680 

40.170 

3.23SE-3 

45.169 

40.608 

3.706E-3 

45.683 

41.062 

4.402E-3 

46.2C4 

41.509 

5.107E-3 

46.800 

41. ill 

6.174E-3 

47.313 

42.472 

6.856E-3 

47.351 

42.576 

8.108E-3 

48.307 

43.322 

1.033E-2 

48.759 

4  3 . 7  0  C 

S.S41E-3 

45.066 

43.517 
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Automated  Fatigue  Crack 
Growth  Sate  Analysis 


Test  ID 

5383-FCG-4pt5 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5383-K116 

Yield  (ksi) 

35.4 

Temperature 

(F) 

75 

Modulus  (Msi) 

10.5 

Environment 

RH  =  40% 

Specimen 

Dimensions  (in) 

Thickness 

0.436 

Height 

2.400 

Met  Thickness 

0.486 

Notch  Cepth 

1.000 

Width 

4.002 

Gage  Length 

0.500 

Erecrack 

Parameters 

Pmax  (lbs) 

859.0 

Stress  Ratio 

0.10 

Final  a  fin) 

1.050 

<!rrax  I'ksi  serf  ini ) 

4.50 

Test  Parameters 

EvBP 

Freq 

Pmax  R 

Ai  Kmaxi 

C 

DKi 

23.7S9 

0.50 

0  0.10 

1.140  3.10 

4.00 

0.00 

30.40B 

0.50 

0  0.10 

1.416  9.34 

2.00 

0.00 

4S.973 

0.50 

2575  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.325 

-5.6 

1214.88 

-2143.57 

Visual  Observations 

EvB/P  Crack  (EvB/P)  Crack (visual)  Error 

CAF 

20.753 

0.983 

1.002 

0.019 

0.993 

21.841 

1.041 

1.040 

-0.001 

0.991 

23.480 

1.121 

1.100 

-0.021 

0.9B9 

23.760 

1.134 

1.170 

0.036 

0.9B9 

26.667 

1.260 

1.260 

0.000 

0.986 

27.531 

1.294 

1.280 

-0.014 

0.9B5 

30.339 

1.397 

1.380 

-0.017 

0.933 

34.274 

1.523 

1.490 

-0.033 

0.980 

43.661 

1.865 

1.880 

0.015 

0.972 

59.300 

2.043 

2.080 

0.037 

0.969 

66.619 

2.142 

2.120 

-0.022 

0.966 

101.006 

2.462 

2.460 

-0.002 

0.959 

Comments 

Cate  of  test:  9/17/2006 
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Waveforr.  Type 


Sine 


Test.  ID  5333-FCG-4ptS 


itaax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

26.74 

1.2630 

529674 

8  SO 

26.77 

1.2641 

530731 

0.0031 

896 

26.81 

1.2661 

532397 

0.0040 

902 

2  €  .  E  £ 

1.2680 

534036 

: .  o  c  1 3 

908 

26.91 

1.2701 

535687 

0.0020 

914 

26.96 

1.2720 

537212 

0.0020 

920 

27.01 

1.2739 

538610 

0.0020 

927 

27.06 

1.2759 

540007 

933 

27.11 

1.2779 

541468 

0.0020 

939 

27.16 

1.2799 

542928 

0.0020 

946 

27.21 

1.2B1S 

544325 

0.0020 

952 

27.26 

1.2839 

545597 

: .  o  c  z  o 

SSS 

27.31 

1.2858 

546727 

0.0019 

965 

27.36 

1.2878 

547845 

: .  3  c :  3 

971 

27.41 

1.2896 

548912 

0.0038 

978 

27.46 

1.2916 

550030 

:  .  3  C  4  3 

985 

27.51 

1.2937 

551147 

0.1081 

1410 

3  0.41 

1.3997 

574028 

0.1074 

1413 

30.45 

1.4011 

574141 

0.0035 

1417 

30 . 51 

1.4031 

574292 

0.0041 

1421 

30.57 

1.4052 

574459 

0.0040 

1425 

30.63 

1.4072 

574624 

C  .  3  C  2  3 

1429 

30.68 

1.4091 

574769 

0.0020 

1432 

30.74 

1.4110 

574908 

0.0020 

1436 

e  : .  E  0 

1.4131 

575060 

0.0020 

1440 

30.86 

1.4149 

575212 

0.0020 

1444 

30.91 

1.4169 

575364 

0.0020 

1448 

30.97 

1.4189 

575509 

0.0020 

1452 

31.03 

1.4210 

575655 

0.0020 

1456 

31.09 

1.4228 

575800 

0.0020 

1460 

31.15 

1.4248 

575939 

:  .  3  C  2  3 

1464 

31.20 

1.4267 

576077 

0.0019 

1468 

31.26 

1.4286 

576203 

:  .  3  C  2  3 

1472 

31.32 

1.4306 

576339 

0.0020 

1476 

31.38 

1.4326 

576476 

1480 

31.44 

1.4346 

576603 

0.0020 

1484 

31.50 

1.4365 

576735 

0.0020 

1488 

31.56 

1.4385 

576867 

0.0019 

1492 

31.62 

1.4405 

576999 

0.0020 

1496 

31.68 

1.4424 

577121 

0.0019 

1500 

31.74 

1.4443 

577243 

0.0019 

1504 

31.80 

1.4463 

577365 

0.0019 

1508 

31.  E  5 

1.4481 

577482 

0.0020 

1512 

31.92 

1.4502 

577614 

0.0020 
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dN 

da./dX 

Kmax  deltaK 

(in/cyc) 

(ksi  (in]  '‘.5) 

2723 

1.140E-6 

5.370 

4.833 

3305 

1.196E-6 

5.405 

4.865 

1 4  S  E 

1.232E-6 

5.449 

4.904 

1546 

1.266E-6 

5.492 

4.943 

1512 

1.305E-6 

5.536 

4.983 

1482 

1.337E-6 

5.580 

5.022 

1440 

1.372E-6 

5.625 

5.063 

1398 

1.407E-6 

5.671 

5.104 

1353 

1.44SE-6 

5.717 

5.146 

1306 

1.S18E-6 

5.764 

5.188 

1241 

1.5S6E-6 

5.810 

5.229 

1184 

1.657E-6 

5.853 

5.272 

1137 

1.724E-6 

5.903 

5.313 

2185 

1.744E-6 

5.950 

5.355 

2235 

1.80SE-6 

5.998 

5.399 

23998 

4.504E-6 

0.000 

0.000 

22994 

4.672E-6 

0.000 

0.000 

264 

1.315E-5 

9.300 

B.370 

318 

1.283E-5 

9.333 

8.399 

332 

1.219E-5 

9.371 

8.434 

153 

1.28SE-5 

9.409 

8.468 

153 

1.28SE-5 

9.446 

8.501 

151 

1.304E-5 

9.484 

8.535 

148 

1.320E-5 

9.520 

8.568 

148 

1.324E-5 

9.559 

8.603 

149 

1.322E-5 

9.596 

B.637 

147 

1.335E-5 

9.636 

8.672 

144 

1.356E-5 

9.674 

8.706 

140 

1.381E-5 

9.713 

B.741 

138 

1.405E-5 

9.750 

8.775 

137 

1.429E-5 

9.788 

3.810 

134 

1.45SE-5 

9.828 

8.845 

133 

1.476E-5 

9.867 

B.880 

132 

1.4S4E-5 

9.907 

8.916 

133 

1.493E-5 

9.946 

B.S51 

130 

1.502E-5 

9.986 

8.988 

128 

1.S13E-5 

10.026 

9.024 

127 

1.533E-5 

10.065 

9.059 

125 

1.54SE-5 

10.105 

9.095 

125 

1.566E-5 

10.145 

9.131 

125 

1.S77E-5 

10.183 

9.165 

125 

1.576E-5 

10.226 

9.203 

124 

1.576E-5 

10.265 

9.238 
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Tes  u  XD  5333*~P'wG‘~4p^5  F&50  2 


Pfcax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

del-caK 

(lb) 

(in) 

(in) 

(in/cyc> 

(ksi [in] * .5) 

1516 

31.98 

1.4521 

577746 

0.0019 

121 

1.S75E-5 

10.308 

9.277 

1520 

32.04 

1.4542 

577873 

0.0040 

239 

1.672E-5 

10.348 

9.313 

1524 

32.10 

1.4561 

577985 

0.0036 

215 

1.666E-5 

10.387 

9.348 

1528 

32.15 

1.4578 

578088 

0.5905 

14701 

4.017E-5 

0.000 

0.000 

2574 

59 . 55 

2.0466 

592686 

0.5907 

14611 

4.043E-5 

0.000 

0.000 

2575 

59.67 

2.0485 

592699 

0.0038 

27 

1.409E-4 

26.554 

23.896 

2575 

59.31 

2.0504 

592713 

0.0038 

26 

1.452E-4 

26.595 

23.935 

2575 

59.93 

2.0522 

592725 

0.0039 

26 

1.505E-4 

26.63: 

23.974 

2575 

60.08 

2.0544 

592739 

0.0019 

13 

1.S14E-4 

26.676 

24.009 

2575 

60.21 

2.0562 

592751 

0.0019 

12 

1.539E-4 

26.717 

24.046 

2575 

60.33 

2.0579 

592762 

0.0019 

12 

1.537E-4 

26.757 

24.081 

2575 

60.46 

2.0599 

592774 

0.0019 

12 

1.5S6E-4 

26.796 

24.117 

2575 

60.60 

2.0618 

592787 

0.0019 

12 

1.53SE-4 

26.836 

24.152 

2575 

60.73 

2.0636 

592799 

0.0019 

12 

1.628E-4 

26.878 

24.191 

2575 

60.86 

2.0655 

592811 

0.0020 

12 

1.674E-4 

26.919 

24.227 

2575 

61.01 

2.0676 

592822 

0.0020 

12 

1.720E-4 

26.962 

24.265 

2575 

61.15 

2.0696 

592833 

0.0020 

12 

1.75SE-4 

27. DCS 

24.2  35 

2575 

61.30 

2.0716 

592845 

0.0020 

12 

1.754E-4 

27 .  345 

24.344 

2575 

61.44 

2.0737 

592857 

0.0020 

12 

1.71SE-4 

27.093 

24.3B4 

2575 

61.59 

2.0757 

592868 

0.0020 

12 

1.7O0E-4 

27.136 

24.422 

2575 

61.72 

2.0776 

592880 

0.0020 

12 

1.703E-4 

27.178 

24.460 

2575 

61.86 

2.0795 

592891 

0.0020 

12 

1.6SSE-4 

27.221 

24.499 

2575 

62.01 

2.0815 

592903 

0.0020 

12 

1.690E-4 

27.265 

24.539 

2575 

62.16 

2.0837 

592916 

0.0020 

12 

1.706E-4 

27.309 

24.578 

2575 

62.31 

2.0856 

592927 

0.0020 

12 

1.714E-4 

27.354 

24.618 

2575 

62.44 

2.087S 

592938 

0.0039 

23 

1.6S7E-4 

27.397 

24.657 

2575 

62.59 

2.0895 

592950 

0.0042 

24 

1.738E-4 

27.442 

24.698 

62.75 

2.0917 

592962 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 


Test  IC 

53S3-FCG-4pt05 

Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5383-H116 

Yield  (ksi) 

35.4 

Temperature  !F) 

75 

Modulus  (Msi) 

10.5 

Environment  RH  =  ■ 

40  % 

Specimen  Dimensions  (in) 

Thickness 

0.486 

Height 

2.400 

Met  Thickness 

0.486 

Notch  Depth 

1.000 

Width 

4.002 

Gage  length 

0.500 

Frecrack  Parameters 

Fnax  (lbs) 

85S.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kmax  (ksi  sqr[in]) 

4.50 

Test  Parameters 

EvBE  Freq 

Fmax  R 

Ri  Knaxi 

C 

DKi 

30.410  O.OS 

0  0.10 

1.416  9.34 

2.00 

0.00 

48.S70  O.OS 

2575  0.10 

0.000  0.00 

0.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-5 .  € 

1214.88 

• 

-2143.57 

Visual  Observations 

EvB/E  Crack  lEvB/P)  Crack (visual 

.)  Error 

CAF 

20.753  0.983 

1.002 

0.019 

0.993 

21.841  1.041 

1.040 

-0.001 

0.991 

23.480  1.121 

1.100 

-0.021 

0.SB9 

23.760  1.134 

1.170 

0.036 

0.9BS 

26.667  1.260 

1.260 

0.000 

0.SB6 

27.S31  1.2S4 

1.280 

-0.014 

0.9B5 

30.33S  1.3S7 

1.380 

-0.017 

0.SB3 

34.274  1.523 

1.490 

-0.033 

0.980 

48.661  1.865 

1.880 

0.015 

0.972 

5S.300  2.043 

2.080 

0.037 

0.969 

66.61S  2.142 

2.120 

-0.022 

0.966 

101.006  2.462 

2.460 

-0.002 

0.959 

Comments 

Cate  of  test:  S/18/2006 

Waveform  Type  Sine 
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Test  ID  S3S3-FCG-4ptCS 


Pntax 

EvB/P 

a 

H 

da 

(lb) 

(in) 

(in) 

32.28 

1.4618 

578265 

1541 

32.34 

1.4638 

578397 

0.0040 

1545 

32.43 

1.4658 

578543 

0.0042 

1550 

32.47 

1.467S 

578695 

0.0020 

1554 

32.53 

1.46SS 

578827 

0.0020 

1558 

32. 5S 

1.4717 

578965 

: .  o  c  2 : 

1562 

32.65 

1.4737 

579117 

0.0019 

1585 

32.72 

1.4757 

579249 

: .  o  c  3  7 

1570 

32.77 

1.4775 

579376 

0.0038 

1575 

32.84 

1.47S6 

579524 

0 .6154 

2574 

63.06 

2.0958 

592977 

0.617B 

2575 

63.17 

2.0974 

592985 

0.0036 

2575 

63.32 

2.09S4 

592996 

0.0041 

2575 

63.48 

2.1015 

593007 

: .  3  c  4 : 

2575 

63.62 

2.1034 

593017 

0.0020 

2575 

63.77 

2.1053 

593026 

0.0020 

2575 

63.  S3 

2.1074 

593036 

0.0020 

2575 

64.08 

2. 1095 

593046 

2575 

64.23 

2.1115 

593055 

0.0020 

2575 

£4.3  3 

2.1134 

593064 

: _ 

2575 

64.53 

2.1154 

593073 

'  .  3C2  3 

2575 

64.68 

2.1173 

593083 

0.0020 

2575 

64.34 

2.11S4 

5S30S3 

: .  3  c  2 : 

2575 

65.00 

2.1214 

593102 

0.0020 

2575 

65.15 

2.1234 

593111 

:  .  3  C  2  3 

2575 

65.31 

2.1255 

593120 

0.0020 

2575 

65.46 

2.1274 

593128 

0.0020 

2575 

65.61 

2.1293 

593136 

0.0020 

2575 

65.77 

2.1314 

593144 

:  .  3  C  2  3 

2575 

65.  S3 

2.1334 

593152 

0.0020 

2575 

66.08 

2.1354 

593160 

0.0020 

2575 

66.25 

2.1374 

593167 

0.0040 

2575 

66.43 

2.1393 

593175 

:  .  3  C  3  9 

66.55 

2.1412 

593182 
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dN 

da/dX 

Kirtax  deltaK 

(in/ eye) 

(ksi  [in)  '".5) 

278 

1.430E-5 

10.553 

9.498 

298 

1.3S7E-5 

:: .557 

S.S38 

142 

1.408E-5 

10.640 

9.576 

142 

1.3S6E-5 

10.683 

9.614 

139 

1.3S4E-5 

10.726 

9.653 

138 

1 . 40  IE- 5 

10.767 

9.690 

259 

1.441E-5 

10.809 

9.728 

275 

1.3S1E-5 

10.853 

9.768 

13601 

4.547E-5 

0.000 

0.000 

13461 

4.5S0E-5 

0.000 

0.000 

19 

1.884E-4 

27.617 

24.858 

22 

1.875E-4 

27.660 

24.894 

21 

1.901E-4 

27.705 

24.934 

10 

1.S8SE-4 

27.751 

24.976 

10 

2.043E-4 

27.795 

25. CIS 

10 

2.0S4E-4 

27.B41 

25.058 

9 

2.135E-4 

27.887 

25.099 

10 

2.117E-4 

27.933 

25.140 

10 

2.111E-4 

27.978 

25.181 

9 

2.114E-4 

28.022 

2  5 . 2  2  C 

9 

2.104E-4 

28.069 

25.262 

9 

2.134E-4 

:: 

25.303 

9 

2.182E-4 

28.160 

25.345 

9 

2.262E-4 

28.209 

25.388 

9 

2.342E-4 

28.253 

25.428 

8 

2.3S6E-4 

28.301 

25.471 

8 

2.450E-4 

28.347 

25.512 

8 

2.514E-4 

28.393 

25.554 

8 

2.548E-4 

28.440 

25.596 

8 

2.57SE-4 

28.483 

25.639 

15 

2.652E-4 

28.534 

25.680 

15 

2.572E-4 

28.581 

25.723 
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Aurorr.at.ed  Fatigue  Crack 
Growth  Rare  Analysis 


Test  ID 

538  3-FCG-4Cpt  3  5 Geometry 

C  (T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

53S3-K116 

Yield  (ksi) 

35.4 

Temperature 

(F)  75 

Modulus  (Msi) 

10.5 

Environment 

RH  =  40% 

Specimen  Dimensions  (in) 


Thickness 

0.486 

Height 

2.400 

Met  Thickness 

0.486 

Nctch  Cepth 

1.000 

Width 

4.002 

Gage  Length 

0.500 

Frecrack  Parameters 

Fmax  (lbs) 

859.0 

Stress  Ratio 

0.10 

Final  a  (in) 

1.050 

Kmax  (ksi  scr[in]) 

4.50 

Test  Farame 

ters 

EvBP  Fr 

eq  Fmax  R 

Ai  Kmaxi 

C 

DKi 

30.410  0. 

05  0  0.10 

1.416  9.34 

2.00 

0.00 

K  Coeff 

C  Coeff 

.886 

1.00098 

4.64 

-4.66951 

-13.32 

18.4601 

14.72 

-236.825 

-5.6 

1214.88 

- 

-2143.57 

Visual  Observations 

EvB/P  Crack (EvB/P)  Crack (visual)  Error 

CAF 

20.753 

0.983  1.002 

0.019 

0.993 

21.841 

1.041  1.040 

-0.001 

0.991 

23.480 

1.121  1.100 

-0.021 

0.SB9 

23.760 

1.134  1.170 

0.036 

0.989 

26.667 

1.260  1.260 

0.000 

0.SB6 

27.531 

1.294  1.280 

-0.014 

0.985 

30.339 

1.397  1.380 

-0.017 

0.SB3 

34.274 

1.523  1.490 

-0.033 

0.980 

48.661 

1.865  1.880 

0.015 

0.972 

59.300 

2.043  2.080 

0.037 

0.969 

66.619 

2.142  2.120 

-0.022 

0.966 

101.006 

2.462  2.460 

-0.002 

0.959 

Comments 

Cate  of  test:  9/18/2006 

Waveform.  Type  Sine 
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Test  ID  5383-FCG-4Cpt05 


?rr,ax 

EvB/P 

a 

N 

da 

(lb) 

(in) 

(in) 

32.92 

1.4821 

575814 

1583 

32.56 

1.4835 

575886 

0.0032 

1587 

33.02 

1.4853 

575975 

:. DC  37 

15S1 

33.08 

1.4872 

580084 

0.0019 

1556 

33.16 

1.4855 

580157 

C  .  3  C  2  0 

1601 

33.22 

1.4515 

580257 

0.0020 

1605 

33.28 

1.4535 

580388 

0.0020 

1605 

33.35 

1.4554 

580484 

0.0015 

1614 

33.41 

1.4973 

580580 

:.  3C15 

1618 

33.47 

1.4552 

580671 

0.0019 

1622 

33.53 

1.5011 

580767 

0.0020 

1626 

33.60 

1.5031 

580858 

0.0020 

1631 

: . .  •: 

1.5051 

580954 

0.0020 

1636 

33.73 

1.5072 

581053 

0.0020 

1640 

33.80 

1.5052 

581141 

: .  c  1 5 

1644 

33.86 

1.5111 

581225 

1645 

33.52 

1.5130 

581320 

c . :  C 1 5 

1653 

33.98 

1.5147 

581400 

I  3C37 

1657 

34.05 

1.5167 

581451 

0.0041 

34.12 

1.5188 

581583 

192 


Page  1 


dN 

da/dK 

Kntax  deltaK 

(in/cyc) 

(ksi [in] ' .5) 

165 

1.S36E-5 

10.988 

9.889 

158 

1.8SSE-5 

11.025 

9.522 

56 

1.S80E-5 

11.070 

9.563 

100 

1.586E-5 

11.114 

10.003 

100 

2.006E-5 

11.161 

10.045 

58 

2.028E-5 

11 .205 

1  0  .  C  3  5 

55 

2.040E-5 

11.250 

10.125 

54 

2.053E-5 

11.293 

10.164 

54 

2.05SE-5 

11.337 

10.204 

55 

2.090E-5 

11.381 

10.243 

54 

2.110E-5 

11.427 

10.2BS 

S3 

2.134E-5 

11.474 

10.327 

52 

2.14SE-5 

11.520 

10.368 

SO 

2.137E-5 

11.568 

. 3.411 

90 

2.142E-5 

11.613 

10.451 

88 

2.168E-5 

11.656 

10.490 

171 

2.15SE-5 

11.702 

10.532 

183 

2.21SE-5 

11.747 

10.572 
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Automated  Fatigue  Crack 
Growth  Rate  Analysis 


Test  ID 

5383-FCG-5 

Geonei 

:ry 

C  (T) 

Contract 

SSC  10624-01 

Orient 

ration 

T-L 

Material 

S383-H116 

Yield 

(ksi) 

35.4 

Temperature  IF) 

75 

Modulus  (Msi) 

10.5 

Environment  RH  = 

40% 

Specimen  Dimensions  (in) 

Thickness 

0.485 

Height 

- 

2.400 

Met  Thickness 

0.485 

Notch 

Depth 

1.000 

Width 

4.000 

Gage  Length 

0.500 

Frecrack  Earamet 

ers 

Fmax  (lbs) 

S40.O 

Stress  Ratio 

0.10 

Final  a  (in) 

1.070 

Kmax 

(ksr  scrCin]) 

5.00 

Test  Parameters 

EvBF  Freq 

Fmax  R 

Ai 

Kmaxi  C 

DKi 

22.287  24.00 

0  0.10 

1.070 

5.00  -4.00 

0.00 

27.215  24.00 

0  0.10 

1.2S5 

3.80  4.00 

0.00 

K  Coeff 

C  Coeff 

da/dM 

Fit  Parameters 

(DKapp) 

.886 

1.00098 

Upper 

da/dM  limit 

3.S37E-8 

4.64 

-4.66S51 

Lover 

da/dM  limit 

3.S37E-S 

-13.32 

18.4601 

da/dM 

intercept  (C) 

2. 3341-20 

14.72 

-236.825 

da/dN 

slope  (m)  2 

16.384 

-5.6 

1214.88 

da/dM 

for  delta  K 

3.S37E-S 

. 

-2143.57 

delta 

K 

2.664 

Visual  Observations 


EvB/P 

Crack  ;Ev3/P) 

Crack (visual) 

Error 

CAF 

20.522 

0.994 

1.000 

0.006 

1.014 

22.228 

1.092 

1.080 

-0.012 

1.019 

25.029 

1.235 

1.245 

0.010 

1.027 

25.901 

1.275 

1.270 

-0.005 

1.029 

27.145 

1.296 

1.310 

0.014 

1.001 

29.657 

1.385 

1.380 

-0.005 

0.994 

33.513 

1.505 

1.490 

-0.015 

0.985 

54.805 

1.955 

1.960 

0.005 

0.951 

Comments 

Cate  of  test:  S/21/2006 

Waveform.  Type  Sine 
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Test  ID  S3B3-FCG-S  Page  1 


Prcax 

EvB/P 

a 

N 

da 

dN 

da/dli 

Kirax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksi[in]~.5) 

22.29 

1.0954 

7627 

907 

22.38 

1.1003 

20207 

0.0098 

25134 

3.918E-7 

4.923 

4.431 

888 

22.47 

1.1053 

32761 

0.0104 

27658 

3.776E-7 

4.827 

4.344 

see 

22.57 

1.1108 

47865 

0.0052 

17462 

3.359E-7 

4.732 

4.259 

844 

::  cl 

1.1164 

70317 

0.0053 

19373 

2.900E-7 

4.639 

4.175 

326 

22.77 

1.1217 

93159 

0.0053 

22485 

2.S47E-7 

4.550 

4.095 

809 

22.86 

1.1264 

112397 

0.0054 

24332 

2.2S1E-7 

4.459 

4.013 

789 

22.97 

1.1321 

136443 

0.0052 

25439 

2.167E-7 

4.378 

3.940 

771 

23.07 

1.1374 

167668 

: .  j  c  s  3 

27491 

2.03SE-7 

4.288 

3.859 

753 

23.18 

1.1429 

193854 

0.0054 

28528 

1.872E-7 

4.202 

3.782 

735 

23.27 

1.1479 

222949 

C .0C51 

29854 

1.747E-7 

4.123 

3.711 

719 

23.38 

1.1533 

258105 

0.0052 

32813 

1.711E-7 

4.037 

3.634 

701 

23.49 

1.1590 

283564 

:  .  0  C  5  3 

34409 

1.S84E-7 

3.966 

3.570 

€88 

23.56 

1.1625 

315568 

: .  3 C  3-1 

37136 

1.520E-7 

3.879 

3.491 

670 

23.63 

1.1688 

364545 

40622 

1.433E-7 

3.816 

3.434 

657 

23.79 

1.1745 

400307 

0.0053 

42944 

1.26SE-7 

3.723 

3.351 

€37 

23.91 

1.1803 

445767 

c . ocse 

43419 

1.239E-7 

3.665 

3.299 

626 

24.00 

1.1849 

501834 

0.0052 

43590 

1.133E-7 

3.575 

3.218 

609 

24.12 

1.1909 

541230 

G - DC  52 

51961 

1.100E-7 

3.518 

3.167 

597 

24.22 

1.1958 

576081 

0.0048 

61192 

1.0S6E-7 

3.448 

3.103 

585 

24.31 

1.1999 

626084 

: .  3  C  4  7 

68516 

1.062E-7 

3.382 

3.043 

570 

24.42 

1.2054 

712071 

0.0043 

78963 

6.96SE-8 

3.331 

2.998 

562 

24.49 

1.2090 

812917 

0.0038 

89797 

4.611E-8 

3.269 

2.942 

551 

24.58 

1.2133 

912927 

0.0034 

98106 

3.4S8E-8 

3.229 

2.907 

544 

24.68 

1.2164 

1015005 

0.0028 

100417 

2.7S7E-B 

3.192 

2.872 

539 

24.69 

1.2184 

1114861 

0.0022 

100253 

2.16SE-8 

3.160 

2.844 

534 

24.73 

1.2206 

1214718 

0.0017 

100227 

1.S96E-B 

3.139 

2.825 

530 

24.77 

1.2221 

1314575 

3 . 3C16 

99857 

1.421E-3 

3.119 

2.807 

528 

24.76 

1.2220 

1414432 

0.0012 

99857 

1.218E-3 

3.108 

2.797 

527 

24.79 

1.2233 

1514289 

0.0008 

99857 

9.41SE-9 

3.086 

2.778 

521 

24.55 

1.2259 

1614145 

0.0011 

99857 

1.040E-B 

3.076 

2.768 

518 

24.  S4 

1.2258 

1714002 

0.0013 

99857 

1.221E-3 

3.061 

2.755 

518 

2-1.14 

1.2256 

1813859 

0.0011 

99857 

1.127E-B 

3.048 

1.743 

516 

24.90 

1.2286 

1913716 

0.0008 

99857 

9.714E-9 

3.039 

2.735 

512 

24.93 

1.2300 

2013572 

0.0009 

99857 

9.823E-9 

3.033 

2.729 

512 

24.94 

1.2302 

2113429 

C  .  3  C 1 3 

99857 

8.60SE-9 

3.022 

2.719 

511 

24.95 

1.2306 

2213285 

0.0009 

199713 

4.674E-9 

3.014 

2.712 

508 

24.96 

1.2311 

2313142 

0.0011 

199714 

5.453E-9 

3.006 

2.706 

24.97 

1.2317 

2412999 

2B.37 

1.54:4 

388127 

736 

2B.51 

1.3453 

410668 

0.0098 

40963 

2.402E-7 

4.683 

4.215 

749 

28.65 

1.3503 

429090 

0.0092 

32962 

2.7S2E-7 

4.778 

4.300 

761 

28.77 

1.3545 

443630 

0.0090 

27722 

3.252E-7 

4.876 

4.388 

774 

2B.91 

1.3593 

456812 

0.0046 

11897 

4.38SE-7 

4.968 

4.471 
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Test  ID  53B3-FCG-5  Page  2 


?max 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kntax 

deltaK 

(lb) 

(in) 

(in) 

(in/cyc) 

(ksitin]  *.5) 

787 

29.04 

1.3638 

466583 

0.0045 

9780 

5.2S0E-7 

5.069 

4.562 

801 

29.18 

1.3685 

474898 

0.0046 

8203 

6.367E-7 

5.168 

4.651 

814 

19.31 

1.3730 

482048 

0.0046 

6811 

7.405E-7 

5.271 

4.744 

828 

29.45 

1.3775 

487768 

0.0046 

5835 

8.45SE-7 

5.380 

4.842 

843 

29.59 

1.3824 

492849 

0.0045 

5019 

9.S96E-7 

5.485 

4.936 

857 

29.72 

1.3869 

497680 

0.0046 

4369 

1.092E-6 

5.595 

5.036 

870 

29.86 

1.3914 

501595 

0.0046 

3920 

1.221E-6 

5.704 

5.134 

885 

29.99 

1.3958 

505010 

0.0046 

3507 

1.360E-6 

5.817 

5.235 

900 

30.14 

1.4005 

508263 

0.0045 

3067 

1.S27E-6 

5.933 

5.339 

916 

30.28 

1.4052 

511289 

0.0046 

2779 

1.717E-6 

6.051 

5.446 

931 

30.42 

1.4098 

513891 

0.0047 

2505 

1.932E-6 

6.171 

5.554 

946 

30.55 

1.4142 

516079 

0.0046 

2237 

2.157E-6 

6.298 

5.668 

963 

30.71 

1.4192 

518267 

0.0047 

1997 

2.436E-6 

6.417 

5.775 

979 

30.85 

1.4237 

520038 

0.0047 

1775 

2.722E-6 

6.552 

5.897 

996 

31.00 

1.4283 

521685 

0.0047 

1600 

3.020E-6 

6.683 

6.015 

1014 

31.15 

1.4333 

523268 

0.0046 

1422 

3.352E-6 

6.819 

6.137 

1031 

31.30 

1.4379 

524539 

0.0046 

1305 

3.649E-6 

6.954 

6.258 

1047 

31.43 

1.4421 

525677 

0.0046 

1181 

3.967E-6 

7.094 

6.385 

1065 

31.59 

1.4463 

526797 

0.0045 

1060 

4.320E-6 

7.230 

6.507 

1083 

31.74 

1.4515 

527865 

0.0046 

990 

4.688E-6 

7.374 

6.637 

1101 

31.88 

1.4560 

528772 

0.0047 

936 

5.050E-6 

7.520 

6.768 

1119 

32.03 

1.4605 

529626 

0.0046 

865 

5.422E-6 

7.670 

6.903 

1138 

32.19 

1.4653 

530480 

0.0046 

789 

5.840E-6 

7.825 

7.043 

1159 

32.35 

1.4702 

531292 

0.0046 

743 

6. 30 IE- 6 

7.982 

7.184 

1178 

32.50 

1.4747 

531987 

0.0047 

702 

6.722E-6 

8.140 

7.326 

1197 

32.64 

1.4790 

532600 

0.0046 

651 

7.166E-6 

8.304 

7.474 

1218 

32.80 

1.4838 

533231 

0.0046 

602 

7.66SE-6 

8.464 

7.618 

1238 

32.96 

1.4884 

533835 

0.0046 

568 

8.176E-6 

8.637 

7.773 

1259 

33.12 

1.4931 

534384 

0.0094 

1070 

8.762E-6 

8.809 

7.928 

1280 

33.28 

1.4978 

534905 

0.0093 

1009 

9.253E-6 

8.986 

8.088 

33.44 

1.5025 

535393 
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Annex  F  -  Individual  J  vs.  Aa  Curves 


ASTM  El  820-02  Standard  Test 
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J,  lbf-in/inA2  J,  lbf-in/inA2 
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J,  lbf-in/inA2  J,  lbf-in/inA2 


ASTM  El  820-02  Standard  Test 


ASTM  El  820-02  Standard  Test 


200 


DRDC  Atlantic  CR  2007-019 


J,  lbf-in/inA2  J,  lbf-in/inA2 
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J,  lbf-in/inA2 


ASTM  El  820-02  Standard  Test 


202 


DRDC  Atlantic  CR  2007-019 


Load  (Ibf) 


Annex  G  -  Load  vs.  Load-Line  Displacement  Plots 


Load  Disp 

Specimen:  5083-FT-1 


Displacement  (in) 
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Load  (Ibf)  Load  (Ibf) 


Load  Disp 

Specimen:  5083-FT-2 


Load  Disp 

Specimen:  5083-FT-3 


Displacement  (in) 
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Load  (Ibf)  Load  (Ibf) 


Load  Time 


Specimen  5083-FT-5 


Load  Disp 

Specimen:  5086-FT-1 


Displacement  (in) 
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Load  (Ibf)  Load  (Ibf) 


Load  Disp 

Specimen:  5086-FT-2 


Load  Disp 

Specimen:  5086-FT-3 


Displacement  (in) 
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Load  (Ibf)  Load  (Ibf) 


Load  Time 


Specimen  5086-FT-5 


Load  Disp 

Specimen:  5383-FT-1 


Displacement  (in) 
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Load  (Ibf)  Load  (Ibf) 


Load  Disp 

Specimen:  5383-FT-2 


Load  Time 

Specimen  5383-FT-3 


Time  (sec) 
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Load  (Ibf) 


Load  Time 


Specimen  5383-FT-5 
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Annex  H  -  Tabular  Results  -  ASTM  El 820 
Analysis 


Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5083-FT-1 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

S083-H321 

Yield  (ksi) 

34.3 

Temperature(F) 

75.0 

Tensile  (ksi) 

51.8 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0500 

Notch  Depth  (in) 

1.100 

Net  Thickness  (in) 

0500 

Gage  Length  (in) 

0.200 

Width  (in) 

2000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

1.100 

Precrack  Parameters 

Pmax  (Ibf) 

310.0 

Stress  Ratio 

0.1 

Final  a  (in) 

1.200 

Kmax  (ksi  sqrt  (in)) 

6.0 

Pf  (Ibf) 

1056 

Initial  measured  crack  lenaths  (in) 

1.182  1.195 

1.199 

1.200 

1.205 

1.208  1.209 

1.206 

1.196 

Final  measured  crack  lenaths  (in) 

1.318  1.348 

1.440 

1.583 

1.682 

1.573  1.427 

1.349 

1.329 

X  X 

X 

X 

X 

X 

X 

Ave.  initial  crack  length  (in) 

1.201 

aoq  (in) 

rVa 

Ave.  final  crack  length  (in) 

1.466 

Compliance  Adj.  Factor 

1.014 

Delta  a  measured  (in) 

0264 

Effective  Modulus  (Msi) 

10.6 

Delta  a  predicted  (in) 

0.203 

Results 

Ja  (El  820) 

96.6  lbf-in/inA2 

KJIC(E’\JQ)A1/2 

33.4  ksi  sqrt(in) 

Qualification  of  Data 

7.4.2:  precrack  length 

valid 

Qualification  of  as  J,^ 

9.1. 4.1:  precrack 

valid 

A9.9.1;  thickness 

valid 

9.1. 4.2;  final  crack 

invalid 

A9.9.2;  ligament 

valid 

9.1. 5.1:  Aa  meas 

valid 

A9.9.3;  slope 

valid 

9.1. 5.2:  Aa  pred 

invalid 

A9.6.4;  it  of  pnts  in  reg.A 

valid 

A9.6.4;  it  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9.8.2.1;  a0q-a:i  #VALUE! 

A9.8.2.2;  tt  of  pnts  for  J3 

valid 

A9.8.2.2;  #  of  pnts  <  Ja 

valid 

A9.3.3.1;  correlation 

valid 
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Index 

Time 

Sec 

Force 

Ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

8 

391.1 

727.8 

0.00877 

0.11444 

1.2018 

0.0000 

0.00027 

14.59 

14.10 

14.10 

17.23 

17.24 

-0.01 

9 

428.8 

847.8 

0.01032 

0.13367 

1.2018 

0.0001 

0.00038 

17.21 

16.43 

16.60 

23.87 

23.40 

0.47 

10 

465.8 

965.4 

0.01187 

0.15198 

1.2012 

-0.0006 

0.00052 

19.84 

18.68 

19.09 

31.57 

30.26 

1.31 

11 

502.6 

1078.9 

0.01341 

0.17029 

1.2037 

0.0020 

0.00066 

22.66 

20.99 

21.49 

40.01 

38.17 

1.84 

12 

539 

1187.1 

0.01496 

0.18707 

1.2028 

0.0011 

0.00084 

25.29 

23.05 

23.94 

49.68 

46.05 

3.63 

13 

575.1 

1291.3 

0.01652 

0.20325 

1.2015 

-0.0003 

0.00105 

27.90 

25.01 

26.39 

60.37 

54.20 

6.17 

14 

610.8 

1390.5 

0.01808 

0.21820 

1.2027 

0.0009 

0.00125 

30.70 

26.99 

28.75 

71.64 

63.15 

8.49 

15 

646.5 

1480.1 

0.01964 

0.23193 

1.2039 

0.0021 

0.00148 

33.38 

28.80 

31.09 

83.77 

71.88 

11.89 

16 

681.6 

1559.9 

0.02121 

0.24536 

1.2051 

0.0033 

0.00173 

35.92 

30.42 

33.40 

96.68 

80.22 

16.46 

17 

716.6 

1631.3 

0.02278 

0.25726 

1.2075 

0.0057 

0.00198 

38.47 

31.97 

35.62 

109.97 

88.58 

21.39 

18 

751.1 

1673.0 

0.02436 

0.26306 

1.2112 

0.0095 

0.00227 

40.32 

33.03 

37.76 

123.58 

94.55 

29.03 

19 

785.8 

1723.0 

0.02596 

0.27039 

1.2159 

0.0141 

0.00255 

42.72 

34.34 

39.84 

137.56 

102.17 

35.39 

20 

820.1 

1729.1 

0.02754 

0.27283 

1.2221 

0.0203 

0.00286 

43.83 

34.89 

41.76 

151.13 

105.50 

45.63 

21 

854.6 

1745.0 

0.02912 

0.27344 

1.2271 

0.0253 

0.00318 

45.20 

35.57 

43.66 

165.17 

109.64 

55.53 

22 

889.3 

1754.2 

0.03070 

0.27496 

1.2332 

0.0315 

0.00350 

46.56 

36.21 

45.42 

178.83 

113.62 

65.21 

23 

924 

1747.4 

0.03224 

0.27466 

1.2380 

0.0362 

0.00384 

47.08 

36.42 

47.15 

192.70 

114.98 

77.71 

24 

959.8 

1778.4 

0.03384 

0.28015 

1.2393 

0.0375 

0.00417 

48.63 

37  17 

49.03 

208.36 

119.74 

88.62 

25 

995 

1779.0 

0.03542 

0.27985 

1.2422 

0.0405 

0.00452 

49.20 

37.41 

50.76 

223.34 

121.30 

102.05 

26 

1030.6 

1796.4 

0.03703 

0.28137 

1.2454 

0.0436 

0.00487 

50.58 

38.03 

52.47 

238.64 

125.33 

113.31 

27 

1066.1 

1802.4 

0.03862 

0.28351 

1.2473 

0.0455 

0.00523 

51.23 

38.31 

54.18 

254.36 

127.17 

127.19 

28 

1101.6 

1804.5 

0.04022 

0.28381 

1.2495 

0.0478 

0.00560 

51.78 

38.53 

55.83 

270.18 

128.66 

141.52 

29 

1137.5 

1811.5 

0.04182 

0.28656 

1.2511 

0.0494 

0.00597 

52.45 

38.81 

57.47 

286.21 

130.55 

155.66 

30 

1173.2 

1812.4 

0.04343 

0.28442 

1.2534 

0.0517 

0.00634 

52.98 

39.02 

59.03 

302.04 

131.94 

170.10 

31 

1209.1 

1817.9 

0.04502 

0.28534 

1.2551 

0.0533 

0.00671 

53.61 

39.27 

60.57 

317.98 

133.68 

184.30 

32 

1245 

1817.6 

0.04662 

0.28534 

1.2563 

0.0545 

0.00709 

53.86 

39.37 

62.12 

334.46 

134.34 

200.12 

33 

1280.9 

1815.8 

0.04821 

0.28473 

1.2584 

0.0567 

0.00747 

54.24 

39.51 

63.56 

350.10 

135.28 

214.82 

34 

1317 

1808.5 

0.04982 

0.28412 

1.2615 

0.0597 

0.00786 

54.56 

39.61 

64.93 

365.34 

135.96 

229.38 

35 

1352.9 

1791.4 

0.05143 

0.28076 

1.2634 

0.0617 

0.00826 

54.11 

39.40 

66.32 

381.24 

134.52 

246.72 

36 

1389.1 

1783.4 

0.05303 

0.27954 

1.2661 

0.0643 

0.00865 

54.30 

39.45 

67.63 

396.36 

134.86 

261.50 

37 

1425.5 

1768.8 

0.05465 

0.28046 

1.2687 

0.0669 

0.00906 

54.13 

39.34 

68.92 

411.65 

134.15 

277.50 

38 

1462.2 

1763.5 

0.05624 

0.27832 

1.2712 

0.0694 

0.00945 

54.42 

39.44 

70.16 

426.59 

134.78 

291.81 

39 

1499.1 

1757.2 

0.05783 

0.27527 

1.2733 

0.0715 

0.00984 

54.57 

39.47 

71.39 

441.71 

135.04 

306.67 

40 

1536.1 

1743.8 

0.05942 

0.27435 

1.2764 

0.0746 

0.01024 

54.58 

39.44 

72.53 

455.93 

134.82 

321.11 

41 

1573.4 

1735.7 

0.06101 

0.27313 

1.2782 

0.0765 

0.01064 

54.58 

39.42 

73.72 

471.06 

134.66 

336.40 

42 

1610.5 

1726.4 

0.06261 

0.27069 

1.2809 

0.0792 

0.01105 

54.70 

39.44 

74.85 

485.49 

134.80 

350.69 

43 

1648.1 

1717.8 

0.06418 

0.26978 

1.2831 

0.0813 

0.01144 

54.75 

39.43 

75.95 

499.95 

134.76 

365.19 

44 

1685.9 

1706.4 

0.06582 

0.26794 

1.2854 

0.0836 

0.01187 

54.66 

39.37 

77.09 

515.03 

134.30 

380.73 

45 

1723.9 

1699.7 

0.06740 

0.26825 

1.2884 

0.0866 

0.01226 

55.01 

39.48 

78.09 

528.53 

135.06 

393.48 

46 

1761.9 

1693.6 

0.06897 

0.26642 

1.2918 

0.0900 

0.01266 

55.49 

39.63 

79.05 

541.53 

136.12 

405.41 

47 

1800.1 

1685.3 

0.07054 

0.26581 

1.2940 

0.0922 

0.01306 

55.58 

39.64 

80.07 

555.66 

136.16 

419.50 

48 

1838.6 

1665.2 

0.07215 

0.26215 

1.2981 

0.0963 

0.01350 

55.43 

39.52 

80.96 

568.13 

135.39 

432.74 

49 

1877.2 

1642.0 

0.07380 

0.25818 

1 .3008 

0.0990 

0.01395 

54.74 

39.21 

81.96 

582.22 

133.26 

448.97 

50 

1916.6 

1629.8 

0.07541 

0.25665 

1.3049 

0.1031 

0.01437 

55.06 

39.29 

82.79 

594.09 

133.79 

460.31 

51 

1955.9 

1612.6 

0.07701 

0.25391 

1.3077 

0.1059 

0.01480 

54.73 

39.12 

83.71 

607.28 

132.64 

474.64 

52 

1995.4 

1599.3 

0.07861 

0.25085 

1.3121 

0.1103 

0.01523 

55.06 

39.20 

84.47 

618.33 

133.16 

485.17 

53 

2035.1 

1573.2 

0.08020 

0.24811 

1.3167 

0.1150 

0.01568 

54.64 

38.97 

85.19 

628.99 

131.63 

497.36 

54 

2074.9 

1538.4 

0.08178 

0.24170 

1.3225 

0.1207 

0.01615 

53.98 

38.63 

85.78 

637.70 

129.31 

508.39 

55 

2115.9 

1525.3 

0.08337 

0.23956 

1 .3263 

0.1245 

0.01659 

54.13 

38.64 

86.52 

648.75 

129.40 

519.35 

56 

2157.1 

1512.4 

0.08494 

0.23834 

1.3293 

0.1276 

0.01702 

54.11 

38.59 

87.29 

660.37 

129.10 

531.27 

57 

2198.2 

1492.0 

0.08650 

0.23529 

1.3335 

0.1317 

0.01747 

53.89 

38.45 

87.94 

670.25 

128.15 

542.10 

58 

2239.9 

1473.1 

0.08810 

0.23254 

1 .3367 

0.1349 

0.01793 

53.50 

38.25 

88.69 

681.67 

126.82 

554.84 

59 

2281.9 

1447.1 

0.08971 

0.22858 

1.3420 

0.1402 

0.01840 

53.20 

38.06 

89.23 

690.02 

125.57 

564.45 

60 

2324.6 

1434.0 

0.09129 

0.22553 

1.3457 

0.1439 

0.01885 

53.30 

38.06 

89.88 

700.06 

125.53 

574.53 

61 

2367.4 

1416.6 

0.09291 

0.22339 

1.3501 

0.1483 

0.01932 

53.30 

38.00 

90.47 

709.40 

125.16 

584.24 

62 

2410.6 

1395.3 

0.09454 

0.22125 

1.3547 

0.1529 

0.01980 

53.08 

37.85 

91.04 

718.24 

124.19 

594.05 

63 

2454.4 

1374.7 

0.09615 

0.21790 

1.3585 

0.1568 

0.02028 

52.72 

37.66 

91.63 

727.69 

122.90 

604.80 
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Index 

Time 

Force 

Displ 

Disp2 

Crack 

Aa 

CTOD 

K561 

K1820 

KJ1820 

J1820 

Je 

Jpl 

Sec 

Ibf 

inch 

inch 

inch 

inch 

inch 

ksi  sqr(in) 

ksi  sqr(in) 

ksi  sqr(in) 

Ibf/in 

Ibf/in 

Ibf/in 

64 

2498.6 

1353.8 

0.09775 

0.21484 

1.3635 

0.1617 

0.02077 

52.60 

37.56 

92. 1 1 

735.33 

122.17 

613.15 

65 

2543.4 

1342.6 

0.09933 

0.21210 

1.3669 

0.1652 

0.02122 

52.75 

37.56 

92.70 

744.80 

122.26 

622.53 

66 

2588.6 

1329.3 

0.10091 

0.21057 

1.3713 

0.1695 

0.02168 

52.99 

37.60 

93.19 

752.65 

122.53 

630.12 

67 

2634.2 

1310.0 

0.10252 

0.20843 

1.3754 

0.1736 

0.02217 

52.73 

37.44 

93.71 

761.03 

121.51 

639.52 

68 

2679.9 

1290.9 

0.10410 

0.20416 

1.3797 

0.1780 

0.02266 

52.54 

37.31 

94.17 

768.63 

120.65 

647.98 

69 

2726.7 

1273.5 

0.10573 

0.20111 

1.3841 

0.1823 

0.02316 

52.47 

37.22 

94.65 

776.41 

120.09 

656.33 

70 

2773.9 

1259.2 

0.10732 

0.19928 

1.3881 

0.1863 

0.02364 

52.52 

37.19 

95.12 

784.15 

119.86 

664.29 

71 

2821.6 

1239.0 

0.10894 

0.19714 

1.3923 

0.1905 

0.02414 

52.19 

37.00 

95.57 

791.61 

118.65 

672.96 

72 

2869.7 

1221.5 

0.11055 

0.19501 

1.3963 

0.1946 

0.02465 

51.99 

36.87 

96.02 

799.14 

117.79 

681.34 

73 

2918.6 

1205.8 

0.11216 

0.19165 

1.4009 

0.1991 

0.02515 

52.07 

36.84 

96.41 

805.51 

117.62 

687.90 

74 

2967.7 

1190.9 

0.11374 

0.18951 

1.4051 

0.2034 

0.02564 

52.12 

36.80 

96.79 

811.95 

117.37 

694.58 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5083-FT-2 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5083-H321 

Yield  (ksi) 

34.3 

Temperature(F) 

75.0 

Tensile  (ksi) 

51.8 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0.500 

Notch  Depth  (in) 

1.100 

Net  Thickness  (in) 

0.500 

Gage  Length  (in) 

0.200 

Width  (in) 

2.000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

1.100 

Precrack  Parameters 

Pmax  (Ibf) 

310.0 

Stress  Ratio 

0.1 

Final  a  (in) 

1.200 

Kmax  (ksi  sqrt  (in)) 

6.0 

Pf  (Ibf) 

1057 

Initial  measured  crack  lenaths  (in) 

1.160  1.176 

1.187 

1.195 

1.205 

1.214  1.221 

1.223 

1.214 

Final  measured  crack  lenaths  (ini 

1.296  1.335 

1.427 

1.570 

1.652 

1.562  1.433 

1.365 

1.354 

X  X 

X 

X 

X 

X 

X 

Ave.  initial  crack  length  (in) 

1.201 

aoq  (in) 

n/a 

Ave.  final  crack  length  (in) 

1.459 

Compliance  Adj.  Factor 

3.965 

Delta  a  measured  (in) 

0.258 

Effective  Modulus  (Msi) 

10.3 

Delta  a  predicted  (in) 

0.202 

Results 

J3 (El  820) 

91.8  lbf-in/mA2 

Kjic(E’*JQ)a1/2 

32.6  ksi  sqrt(in) 

Qualification  of  Data 

Qualification  of  J„  as  J,,- 

7.4.2:  precrack  length 

valid 

9.1. 4.1:  precrack 

valid 

A9.9.1;  thickness 

valid 

9.1. 4.2:  final  crack 

invalid 

A9.9.2;  ligament 

valid 

9.1. 5.1:  Aa  meas 

valid 

A9.9.3;  slope 

valid 

9.1. 5.2:  Aa  pred 

invalid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  #  of  pnts  in  reg.B 

valid 

A9.8.1;Cj<1 

valid 

A9.8.2.1;  ao,-a0  #VALUE! 

A9. 8.2.2;  #  of  pnts  for  Ja 

valid 

A9. 8.2.2;  #  of  pnts  <  JQ 

valid 

A9.3.3.1;  correlation 

valid 
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Index 

Time 

Sec 

Force 

ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

Ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

9 

419.3 

846.7 

0.01060 

0.13367 

1.2015 

0.0000 

0.00039 

17.17 

16.40 

16.39 

23.29 

23.31 

-0.03 

10 

456.3 

961.8 

0.01217 

0.15167 

1.2016 

0.0001 

0.00052 

19.78 

18.63 

18.85 

30.78 

30.09 

0.69 

12 

529.1 

1180.7 

0.01529 

0.18616 

1.2020 

0.0005 

0.00084 

25.08 

22.90 

23.67 

48.57 

45.43 

3.14 

13 

565.1 

1282.8 

0.01684 

0.20142 

1.2017 

0.0002 

0.00103 

27.70 

24.86 

26.05 

58.81 

53.55 

5.26 

14 

600.8 

1379.2 

0.01840 

0.21729 

1.2019 

0.0004 

0.00124 

30.32 

26.74 

28.40 

69.91 

61.95 

7.96 

15 

636.1 

1470.5 

0.01999 

0.23163 

1.2025 

0.0010 

0.00147 

32.97 

28.54 

30.74 

81.89 

70.59 

11.30 

16 

671.3 

1547.7 

0.02156 

0.24322 

1.2045 

0.0030 

0.00171 

35.48 

30.16 

33.00 

94.37 

78.81 

15.56 

17 

706 

1611.2 

0.02314 

0.25421 

1.2069 

0.0054 

0.00197 

37.75 

31.54 

35.21 

107.43 

86.21 

21.22 

18 

740.3 

1657.3 

0.02472 

0.26062 

1.2109 

0.0094 

0.00224 

39.75 

32.70 

37.30 

120.61 

92.68 

27.93 

19 

775 

1697.8 

0.02632 

0.26642 

1.2157 

0.0142 

0.00253 

41.78 

33.82 

39.35 

134.17 

99.15 

35.02 

20 

809.5 

1731.3 

0.02792 

0.27252 

1.2193 

0.0178 

0.00283 

43.52 

34.74 

41.37 

148.33 

104.62 

43.71 

21 

843.8 

1754.8 

0.02954 

0.27557 

1.2236 

0.0221 

0.00314 

45.04 

35.52 

43.34 

162.80 

109.33 

53.47 

22 

878.6 

1785.3 

0.03114 

0.28046 

1.2263 

0.0248 

0.00346 

46.69 

36.34 

45.28 

177.71 

114.42 

63.29 

23 

913.3 

1801.0 

0.03275 

0.28320 

1.2294 

0.0279 

0.00380 

47.87 

36.89 

47.18 

192.95 

117.96 

74.99 

24 

948.1 

1817.8 

0.03439 

0.28778 

1.2321 

0.0306 

0.00415 

49.04 

37.44 

49.07 

208.71 

121.48 

87.23 

25 

982.8 

1827.6 

0.03599 

0.28839 

1.2344 

0.0329 

0.00450 

49.90 

37.82 

50.88 

224.38 

123.97 

100.40 

26 

1017.8 

1839.3 

0.03762 

0.28931 

1.2360 

0.0345 

0.00486 

50.71 

38.19 

52.70 

240.66 

126.38 

114.28 

27 

1052.5 

1831.1 

0.03920 

0.28992 

1.2395 

0.0380 

0.00522 

51.02 

38.29 

54.33 

255.79 

127.07 

128.71 

28 

1087.6 

1836.2 

0.04081 

0.28900 

1.2421 

0.0406 

0.00558 

51.76 

38.60 

55.96 

271.44 

129.16 

142.28 

29 

1123 

1846.9 

0.04242 

0.29144 

1.2442 

0.0427 

0.00594 

52.71 

39.01 

57.59 

287.41 

131.87 

155.54 

30 

1158.2 

1852.0 

0.04403 

0.29083 

1.2460 

0.0445 

0.00631 

53.32 

39.25 

59.19 

303.66 

133.55 

170.11 

31 

1193.6 

1848.8 

0.04565 

0.29175 

1.2479 

0.0464 

0.00670 

53.58 

39.35 

60.77 

320.03 

134.18 

185.85 

32 

1228.9 

1832.4 

0.04728 

0.28839 

1.2516 

0.0501 

0.00709 

53.57 

39.30 

62.20 

335.34 

133.88 

201.46 

33 

1264.6 

1836.2 

0.04887 

0.28992 

1.2523 

0.0508 

0.00747 

53.92 

39.45 

63.72 

351.85 

134.85 

217.00 

34 

1300.1 

1826.3 

0.05043 

0.28686 

1.2549 

0.0534 

0.00785 

53.99 

39.45 

65.08 

367.01 

134.85 

232.16 

35 

1336 

1826.9 

0.05204 

0.28748 

1.2568 

0.0553 

0.00823 

54.43 

39.61 

66.47 

382.97 

136.00 

246.96 

36 

1372 

1825.6 

0.05363 

0.28717 

1.2588 

0.0573 

0.00861 

54.82 

39.75 

67.82 

398.64 

136.97 

261.67 

37 

1407.7 

1811.2 

0.05522 

0.28534 

1.2612 

0.0597 

0.00900 

54.64 

39.65 

69.12 

414.00 

136.24 

277.76 

38 

1444.1 

1802.2 

0.05682 

0.28259 

1 .2638 

0.0623 

0.00940 

54.75 

39.67 

70.37 

429.12 

136.36 

292.76 

39 

1480.4 

1787.1 

0.05844 

0.28107 

1.2662 

0.0647 

0.00980 

54.53 

39.54 

71.61 

444.45 

135.53 

308.93 

40 

1516.7 

1776.9 

0.06002 

0.28015 

1.2690 

0.0675 

0.01020 

54.63 

39.55 

72.77 

459.00 

135.58 

323.42 

41 

1553.6 

1768.7 

0.06162 

0.27832 

1.2721 

0.0706 

0.01059 

54.92 

39.64 

73.90 

473.31 

136.18 

337.13 

42 

1590.5 

1755.7 

0.06320 

0.27740 

1.2737 

0.0722 

0.01100 

54.60 

39.48 

75.09 

488.73 

135.12 

353.61 

43 

1627.4 

1735.7 

0.06481 

0.27283 

1.2775 

0.0760 

0.01141 

54.41 

39.36 

76.12 

502.21 

134.26 

367.95 

44 

1664.7 

1718.8 

0.06645 

0.27039 

1 .2803 

0.0788 

0.01184 

54.14 

39.21 

77.22 

516.81 

133.26 

383.55 

45 

1702.4 

1708.1 

0.06806 

0.26917 

1.2841 

0.0826 

0.01225 

54.46 

39.30 

78.19 

529.85 

133.86 

395.99 

46 

1740.1 

1699.4 

0.06965 

0.26703 

1.2868 

0.0853 

0.01265 

54.62 

39.34 

79.21 

543.71 

134.10 

409.61 

47 

1778.2 

1692.5 

0.07127 

0.26703 

1.2900 

0.0885 

0.01306 

54.99 

39.45 

80.19 

557.29 

134.89 

422.40 

48 

1816.2 

1676.5 

0.07284 

0.26367 

1.2928 

0.0913 

0.01348 

54.76 

39.32 

81.15 

570.71 

134.01 

436.70 

49 

1854.7 

1656.2 

0.07443 

0.26215 

1.2988 

0.0973 

0.01390 

55.07 

39.38 

81.85 

580.61 

134.37 

446.25 

50 

1893.5 

1636.8 

0.07604 

0.25757 

1.3012 

0.0997 

0.01434 

54.54 

39.13 

82.83 

594.61 

132.67 

461.93 

51 

1932.6 

1621.1 

0.07766 

0.25574 

1.3041 

0.1026 

0.01478 

54.35 

39.01 

83.74 

607.74 

131.89 

475.85 

52 

1971.9 

1601.6 

0.07926 

0.25146 

1.3083 

0.1068 

0.01522 

54.24 

38.92 

84.52 

619.07 

131.25 

487.82 

53 

2011.6 

1589.1 

0.08083 

0.24994 

1.3120 

0.1105 

0.01564 

54.41 

38.94 

85.29 

630.46 

131.42 

499.04 

54 

2051.4 

1554.6 

0.08252 

0.24567 

1.3171 

0.1156 

0.01613 

53.61 

38.55 

86.02 

641.33 

128.76 

512.57 

55 

2092.1 

1544.7 

0.08409 

0.24445 

1.3207 

0.1192 

0.01656 

53.91 

38.62 

86.76 

652.40 

129.29 

523.11 

56 

2132.4 

1510.6 

0.08570 

0.23865 

1.3262 

0.1247 

0.01704 

53.20 

38.26 

87.36 

661.38 

126.88 

534.49 

57 

2173.7 

1500.4 

0.08727 

0.23590 

1.3297 

0.1282 

0.01747 

53.45 

38.32 

88.06 

672.08 

127.29 

544.79 

58 

2215.2 

1480.1 

0.08886 

0.23346 

1.3342 

0.1327 

0.01792 

53.30 

38.21 

88.69 

681.73 

126.51 

555.22 

59 

2257.4 

1461.6 

0.09053 

0.23071 

1.3375 

0.1360 

0.01840 

52.98 

38.03 

89.45 

693.41 

125.36 

568.05 

60 

2299.7 

1442.9 

0.09219 

0.22797 

1.3426 

0.1411 

0.01888 

53.09 

38.01 

90.02 

702.31 

125.22 

577.08 

61 

2342.5 

1426.1 

0.09380 

0.22614 

1.3466 

0.1451 

0.01934 

53.02 

37.94 

90.64 

712.00 

124.73 

587.27 

62 

2385.7 

1413.0 

0.09536 

0.22339 

1.3496 

0.1481 

0.01979 

52.93 

37.86 

91.31 

722.58 

124.23 

598.36 

63 

2428.9 

1395.0 

0.09691 

0.22156 

1.3530 

0.1515 

0.02025 

52.62 

37.69 

91.93 

732.35 

123.12 

609.24 

64 

2472.7 

1367.7 

0.09851 

0.21667 

1.3586 

0.1571 

0.02074 

52.25 

37.47 

92.35 

739.07 

121.67 

617.41 

65 

2517.1 

1350.6 

0.10008 

0.21362 

1.3631 

0.1616 

0.02121 

52.29 

37.42 

92.83 

746.81 

121.38 

625.43 
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Index 

Time 

Force 

Displ 

Disp2 

Crack 

Aa 

CTOD 

K561 

K1820 

KJ1820 

J1820 

Je 

Jpl 

Sec 

ibf 

inch 

inch 

inch 

inch 

inch 

ksi  sqr(in) 

ksi  sqr(in) 

ksi  sqr(in) 

Ibf/in 

Ibf/in 

Ibf/in 

66 

2562.1 

1328.0 

0.10175 

0.21271 

1.3681 

0.1666 

0.02172 

52.05 

37.26 

93.31 

754.51 

120.35 

634.16 

67 

2607.4 

1308.8 

0.10331 

0.20752 

1.3725 

0.1710 

0.02220 

51.87 

37.14 

93.77 

761.99 

119.52 

642.48 

68 

2653.4 

1292.9 

0.10490 

0.20538 

1.3773 

0.1758 

0.02268 

52.02 

37.13 

94.19 

768.90 

119.50 

649.40 

69 

2699.9 

1268.8 

0.10653 

0.20142 

1.3825 

0.1810 

0.02319 

51.69 

36.93 

94.58 

775.29 

118.20 

657.08 

70 

2747.2 

1242.7 

0.10818 

0.19867 

1.3883 

0.1868 

0.02373 

51.36 

36.72 

94.90 

780.59 

116.88 

663.71 

71 

2795.1 

1231.4 

0.10975 

0.19562 

1.3926 

0.1911 

0.02420 

51.68 

36.80 

95.32 

787.38 

117.36 

670.02 

72 

2843.2 

1208.9 

0.11136 

0.19257 

1.3971 

0.1956 

0.02472 

51.24 

36.56 

95.72 

794.05 

115.85 

678.21 

73 

2892.6 

1198.4 

0.11293 

0.19073 

1.4005 

0.1990 

0.02519 

51.40 

36.58 

96.19 

801.81 

115.96 

685.85 

74 

2942.2 

1190.9 

0.11448 

0.18982 

1.4036 

0.2021 

0.02564 

51.67 

36.65 

96.68 

810.04 

116.39 

693.66 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5083-FT-3 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

50S3-H321 

Yield  (ksi) 

34.3 

Temperature(F) 

75.0 

Tensile  (ksi) 

51.8 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0.500 

Notch  Depth  (in) 

1.100 

Net  Thickness  (in) 

0.395 

Gage  Length  (in) 

0.200 

Width  (in) 

2.000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

1.100 

Precrack  Parameters 

Pmax  (Ibf) 

310.9 

Stress  Ratio 

0.1 

Final  a  (in) 

1.200 

Kmax  (ksi  sqrt  (in)) 

6.0 

Pf  (Ibf) 

1053 

Initial  measured  crack  lenaths  (in) 

1.211  1.213  1.211 

1.207 

1.204 

1.199  1.197 

1.192 

1.186 

Final  measured  crack  lenaths  (in) 

1.422  1.423  1.429 

1.421 

1.416 

1.414  1.398 

1.395 

1.397 

Ave.  initial  crack  length  (in) 

1.203 

aoq  (in) 

1.204 

Ave.  final  crack  length  (in) 

1.413 

Compliance  Adj.  Factor 

1.019 

Delta  a  measured  (in) 

0.210 

Effective  Modulus  (Msi) 

10.7 

Delta  a  predicted  (in) 

0.199 

Results 

JQ  (El  820)  111.4  lbf-inrtnA2 

KJlc(E,\JQ)A1/2  35.9  ksi  sqrt(in) 


Qualification  of  Data 

7.4.2:  precrack  length 

valkl 

9.1. 4.1;  precrack 

vald 

9.1. 4.2;  final  crack 

valid 

9.1. 5.1;  Aa  meas 

valid 

9.1. 5.2;  Aa  pred 

valid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  #  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9.8.2.1;  ao0-a:, 

valid 

A9. 8.2.2;  #  of  pnts  for  Ja 

invalid 

A9. 8.2.2;  #  of  pnts  <  Ja 

valid 

A9.3.3.1;  correlation 

valid 

Qualification  of  Jr.  as  J„- 


A9.9.1;  thickness 

valid 

A9.9.2;  ligament 

valid 

A9.9.3;  slope 

valid 
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Index 

Time 

Sec 

Force 

ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

jpi 

Ibf/in 

10 

380.8 

304.3 

0.00371 

0.04822 

1.2029 

-0.0014 

0.00004 

6.70 

6.65 

6.65 

3.84 

3.83 

0.01 

11 

430.1 

388.2 

0.00477 

0.06165 

1.2027 

-0.0015 

0.00007 

8.58 

8.48 

8.50 

6.27 

6.23 

0.04 

12 

462.8 

471.2 

0.00583 

0.07416 

1.2031 

-0.0011 

0.00012 

10.49 

10.30 

10.34 

9.26 

9.20 

0.06 

13 

495.1 

554.5 

0.00687 

0.08698 

1.2041 

-0.0002 

0.00017 

12.45 

12.15 

12.15 

12.80 

12.78 

0.01 

14 

526 

638.0 

0.00793 

0.10071 

1.2043 

0.0001 

0.00023 

14.46 

13.98 

14.00 

17.00 

16.94 

0.06 

15 

556.1 

719.9 

0.00898 

0.11383 

1.2047 

0.0004 

0.00030 

16.48 

15.79 

15.81 

21.67 

21.60 

0.07 

16 

586.1 

800.9 

0.01002 

0.12604 

1.2049 

0.0006 

0.00038 

18.53 

17.57 

17.63 

26.95 

26.76 

0.19 

17 

616.1 

882.9 

0.01108 

0.13916 

1.2051 

0.0008 

0.00047 

20.68 

19.37 

19.47 

32.85 

32.53 

0.32 

18 

645.8 

960.5 

0.01213 

0.15137 

1.2053 

0.0011 

0.00058 

22.79 

21.09 

21.29 

39.28 

38.55 

0.73 

19 

675.1 

1031.2 

0.01318 

0.16296 

1.2063 

0.0021 

0.00069 

24.83 

22.69 

23.10 

46.23 

44.61 

1.63 

20 

704.3 

1099.4 

0.01424 

0.17334 

1.2052 

0.0010 

0.00084 

26.73 

24.13 

24.95 

53.94 

50.48 

3.47 

21 

733.3 

1166.2 

0.01531 

0.18372 

1.2064 

0.0022 

0.00097 

28.83 

25.66 

26.73 

61.92 

57.08 

4.84 

22 

762.1 

1228.5 

0.01638 

0.19318 

1.2067 

0.0024 

0.00113 

30.80 

27.05 

28.53 

70.52 

63.39 

7.13 

23 

790.6 

1286.3 

0.01743 

0.20264 

1.2072 

0.0029 

0.00129 

32.72 

28.35 

30.27 

79.41 

69.64 

9.78 

24 

819.3 

1341.9 

0.01851 

0.21210 

1.2090 

0.0048 

0.00145 

34.78 

29.68 

31.98 

88.66 

76.34 

12.32 

25 

847.8 

1394.0 

0.01958 

0.21912 

1.2103 

0.0061 

0.00163 

36.76 

30.91 

33.70 

98.41 

82.83 

15.58 

26 

876.1 

1435.6 

0.02065 

0.22614 

1.2126 

0.0084 

0.00181 

38.54 

31.98 

35.35 

108.30 

88.63 

19.66 

27 

904.5 

1470.5 

0.02173 

0.23071 

1.2161 

0.0118 

0.00200 

40.31 

32.99 

36.96 

118.37 

94.30 

24.07 

28 

932.6 

1498.4 

0.02282 

0.23682 

1.2200 

0.0157 

0.00219 

41.94 

33.88 

38.52 

128.57 

99.46 

29.11 

29 

960.8 

1514.1 

0.02392 

0.23895 

1.2263 

0.0221 

0.00239 

43.49 

34.67 

39.98 

138.55 

104.19 

34.36 

30 

989.1 

1523.4 

0.02502 

0.23926 

1.2334 

0.0292 

0.00258 

44.98 

35.40 

41.36 

148.28 

108.59 

39.69 

31 

1017.3 

1514.0 

0.02606 

0.23834 

1.2411 

0.0369 

0.00279 

45.78 

35.74 

42.62 

157.45 

110.71 

46.73 

32 

1045.7 

1500.8 

0.02714 

0.23560 

1.2519 

0.0476 

0.00298 

46.97 

36.24 

43.73 

165.77 

113.81 

51.95 

33 

1074.2 

1460.1 

0.02821 

0.22919 

1.2654 

0.0612 

0.00318 

47.33 

36.29 

44.68 

173.00 

114.11 

58.88 

34 

1103.9 

1418.9 

0.02933 

0.22308 

1.2815 

0.0772 

0.00338 

48.14 

36.52 

45.50 

179.46 

115.57 

63.88 

35 

1133.9 

1365.8 

0.03040 

0.21576 

1.2975 

0.0932 

0.00359 

48.30 

36.43 

46.22 

185.14 

115.01 

70.13 

36 

1165.6 

1344.0 

0.03146 

0.21179 

1.3088 

0.1046 

0.00379 

49.33 

36.78 

47.08 

192.06 

117.27 

74.79 

37 

1197.6 

1283.0 

0.03259 

0.20233 

1.3264 

0.1221 

0.00402 

49.32 

36.58 

47.68 

197.03 

115.99 

81.04 

38 

1230.9 

1215.1 

0.03380 

0.19135 

1 .3459 

0.1417 

0.00428 

49.19 

36.31 

48.21 

201.47 

114.26 

87.21 

39 

1266.6 

1201.2 

0.03487 

0.18890 

1.3554 

0.1511 

0.00449 

50.43 

36.74 

49.00 

208.08 

116.96 

91.12 

40 

1302.6 

1162.3 

0.03599 

0.18372 

1.3679 

0.1637 

0.00473 

50.65 

36.68 

49.67 

213.78 

116.60 

97.18 

41 

1339.4 

1099.8 

0.03718 

0.17365 

1.3853 

0.1810 

0.00501 

50.23 

36.29 

50.10 

217.54 

114.12 

103.42 

42 

1378 

1052.1 

0.03831 

0.16632 

1.4024 

0.1981 

0.00524 

50.82 

36.31 

50.40 

220.16 

114.28 

105.87 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5083-FT-5 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5083-H321 

Yield  (ksi) 

34.3 

Temperature(F) 

75.0 

Tensile  (ksi) 

51.8 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0.501 

Notch  Depth  (in) 

2.200 

Net  Thickness  (in) 

0.501 

Gage  Length  (in) 

0.200 

Width  (in) 

4000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

2.200 

Precrack  Parameters 

Pmax  (Ibf) 

733.0 

Stress  Ratio 

0.1 

Final  a  (in) 

2.400 

Kmax  (ksi  sqrt  (in)) 

9.9 

Pf  (Ibf) 

2158 

Initial  measured  crack  lenaths  (in) 

2.340  2.365  2.382 

2.394 

2.401 

2  404  2.403 

2.395 

2.375 

Final  measured  crack  lenaths  (in) 

2.484  2.531  2.617 

2.754 

2.815 

2.719  2.596 

2.548 

2.519 

X  X 


Ave.  initial  crack  length  (in) 

2388 

aoq  (in) 

2.391 

Ave.  final  crack  length  (in) 

2.635 

Compliance  Adj.  Factor 

0.985 

Delta  a  measured  (in) 

0.247 

Effective  Modulus  (Msi) 

10.3 

Delta  a  predicted  (in) 

0.213 

Results 

Ja (El  820) 

146.9  ibf-in/inA2 

Kjic(E’’JQ)a1.|'2 

41 .2  ksi  sqrt(in) 

Qualification  of  Data 

Qualification  of  J->  as  J,,. 

7.4.2:  precrack  length 

valid 

9.1. 4.1;  precrack 

valid 

A9.9.1;  thickness 

valid 

9.1. 4.2;  final  crack 

invalid 

A9.9.2;  ligament 

valid 

9.1. 5.1;  Aa  meas 

valid 

A9.9.3;  slope 

valid 

9.1. 5.2;  Aa  pred 

valid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  »  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9.8.2.1;  80,-35 

valid 

A9. 8.2.2;  #  of  pnts  for  Ja 

valid 

A9. 8.2.2;  ft  of  pnts  <  Ja 

valid 

A9.3.3.1;  correlation 

valid 
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Index 

Time 

Sec 

Force 

Ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

20 

704.3 

2535.4 

0.03334 

0.83618 

2.3892 

-0.0016 

0.00215 

37.85 

34.21 

34.12 

100.90 

101.40 

-0.51 

21 

735.6 

2647.3 

0.03551 

0.87647 

2.3903 

-0.0004 

0.00247 

39.95 

35.76 

36.54 

115.73 

110.80 

4.94 

22 

767.1 

2742.0 

0.03770 

0.90912 

2.3957 

0.0050 

0.00279 

42.03 

37.23 

38.86 

130.86 

120.13 

10.73 

23 

798.3 

2838.8 

0.03990 

0.93842 

2.3984 

0.0076 

0.00314 

44.06 

38.64 

41.18 

146.95 

129.42 

17.53 

24 

829.5 

2921.9 

0.04205 

0.96436 

2.4010 

0.0103 

0.00350 

45.89 

39.88 

43.40 

163.26 

137.83 

25.43 

25 

860.8 

2997.1 

0.04423 

0.99121 

2.4051 

0.0144 

0.00387 

47.71 

41.07 

45.57 

179.99 

146.19 

33.80 

26 

892.3 

3076.8 

0.04639 

1.02051 

2.4082 

0.0175 

0.00424 

49.62 

42.29 

47.70 

197.18 

155.00 

42.19 

27 

923.6 

3151.1 

0.04857 

1.04370 

2.4093 

0.0186 

0.00464 

51.32 

43.36 

49.85 

215.39 

162.93 

52.47 

28 

954.8 

3215.2 

0.05074 

1.06720 

2.4124 

0.0216 

0.00504 

52.99 

44.37 

51.91 

233.55 

170.66 

62.89 

29 

986 

3273.0 

0.05292 

1.08612 

2.4138 

0.0231 

0.00546 

54.44 

45.24 

53.97 

252.47 

177.36 

75.10 

30 

1017.5 

3328.3 

0.05510 

1.10169 

2.4144 

0.0237 

0.00590 

55.78 

46.03 

56.02 

272.01 

183.62 

88.40 

31 

1048.9 

3380.1 

0.05728 

1.12396 

2.4166 

0.0259 

0.00633 

57.22 

46.85 

57.99 

291.49 

190.22 

101.28 

32 

1080.5 

3429.7 

0.05947 

1.13251 

2.4191 

0.0283 

0.00677 

58.65 

47.65 

59.92 

311.21 

196.79 

114.43 

33 

1111.7 

3475.9 

0.06165 

1.15051 

2.4207 

0.0300 

0.00721 

59.97 

48.37 

61.84 

331.46 

202.80 

128.66 

34 

1143.1 

3511.5 

0.06387 

1.16455 

2.4225 

0.0318 

0.00768 

61.05 

48.96 

63.76 

352.30 

207.72 

144.58 

35 

1174.4 

3541.9 

0.06608 

1.17584 

2.4254 

0.0347 

0.00815 

62.13 

49.52 

65.59 

372.88 

212.53 

160.34 

36 

1205.7 

3574.4 

0.06830 

1.18622 

2.4285 

0.0378 

0.00861 

63.31 

50.13 

67.39 

393.56 

217.81 

175.74 

37 

1237.1 

3586.4 

0.07051 

1.18591 

2.4312 

0.0405 

0.0091 1 

63.92 

50.43 

69.17 

414.69 

220.44 

194.24 

38 

1268.5 

3595.1 

0.07272 

1.19049 

2.4362 

0.0455 

0.00959 

64.71 

50.81 

70.83 

434.82 

223.77 

211.05 

39 

1300 

3609.6 

0.07493 

1.20178 

2.4376 

0.0469 

0.01009 

65.26 

51.09 

72.57 

456.47 

226.22 

230.26 

40 

1331.6 

3620.6 

0.07714 

1.19751 

2.4419 

0.0511 

0.01058 

66.05 

51.46 

74.19 

477.06 

229.54 

247.52 

41 

1363.4 

3627.2 

0.07940 

1.20575 

2.4447 

0.0540 

0.01110 

66.57 

51.71 

75.86 

498.74 

231.71 

267.03 

42 

1395.1 

3634.9 

0.08163 

1.20392 

2.4498 

0.0591 

0.01159 

67.39 

52.08 

77.40 

519.23 

235.10 

284.13 

43 

1427 

3634.9 

0.08386 

1.20575 

2.4547 

0.0640 

0.01210 

67.99 

52.35 

78.91 

539.67 

237.48 

302.19 

44 

1459.1 

3641.4 

0.08607 

1.21002 

2.4565 

0.0658 

0.01261 

68.40 

52.53 

80.50 

561.57 

239.19 

322.38 

45 

1491.1 

3626.9 

0.08829 

1.20056 

2.4626 

0.0719 

0.01313 

68.73 

52.65 

81.90 

581.26 

240.27 

340.99 

46 

1523.1 

3630.2 

0.09053 

1.20087 

2.4648 

0.0741 

0.01366 

69.10 

52.82 

83.43 

603.26 

241.78 

361.48 

47 

1555.7 

3624.4 

0.09276 

1.20422 

2.4698 

0.0791 

0.01418 

69.56 

53.01 

84.82 

623.58 

243.49 

380.09 

48 

1588.2 

3612.4 

0.09497 

1.19934 

2.4742 

0.0834 

0.01471 

69.76 

53.07 

86.20 

643.98 

244.07 

399.91 

49 

1621 

3599.6 

0.09724 

1.18957 

2.4803 

0.0896 

0.01525 

70.16 

53.22 

87.52 

663.83 

245.43 

418.40 

50 

1653.6 

3563.2 

0.09945 

1.17706 

2.4855 

0.0948 

0.01581 

69.71 

52.97 

88.81 

683.52 

243.14 

440.37 

51 

1686.9 

3561.9 

0.10166 

1.18317 

2.4902 

0.0995 

0.01633 

70.29 

53.21 

90.08 

703.32 

245.34 

457.98 

52 

1720 

3543.1 

0.10388 

1.17188 

2.4944 

0.1037 

0.01689 

70.25 

53.16 

91.37 

723.54 

244.91 

478.64 

53 

1753.4 

3534.7 

0.10614 

1.17401 

2.4981 

0.1074 

0.01744 

70.48 

53.24 

92.67 

744.31 

245.65 

498.66 

54 

1787.1 

3520.2 

0.10837 

1.16882 

2.5040 

0.1133 

0.01798 

70.82 

53.35 

93.84 

763.20 

246.70 

516.50 

55 

1821 

3510.3 

0.11057 

1.16303 

2.5087 

0.1179 

0.01852 

71.13 

53.46 

95.02 

782.53 

247.71 

534.82 

56 

1854.7 

3494.0 

0.11274 

1.15601 

2.5150 

0.1243 

0.01905 

71.47 

53.57 

96.09 

800.22 

248.75 

551.47 

57 

1889 

3482.1 

0.11497 

1.15753 

2.5204 

0.1297 

0.01960 

71.83 

53.70 

97.22 

819.07 

249.89 

569.19 

58 

1923 

3461.9 

0.11717 

1.14532 

2.5262 

0.1355 

0.02016 

71.98 

53.72 

98.29 

837.30 

250.12 

587.18 

59 

1957.5 

3431.9 

0.11938 

1.14014 

2.5328 

0.1421 

0.02073 

71.89 

53.63 

99.31 

854.82 

249.29 

605.53 

60 

1992.4 

3426.1 

0.12157 

1.13831 

2.5373 

0.1466 

0.02127 

72.35 

53.80 

100.40 

873.55 

250.88 

622.67 

61 

2027.4 

3394.0 

0.12382 

1.12244 

2.5448 

0.1541 

0.02186 

72.32 

53.73 

101.37 

890.49 

250.23 

640.26 

62 

2062.9 

3377.7 

0.12607 

1.11542 

2.5500 

0.1593 

0.02243 

72.51 

53.78 

102.41 

909.00 

250.65 

658.35 

63 

2098.2 

3355.3 

0.12828 

1.11206 

2.5552 

0.1644 

0.02301 

72.48 

53.72 

103.43 

927.07 

250.15 

676.92 

64 

2133.9 

3334.2 

0.13052 

1.10596 

2.5615 

0.1708 

0.02359 

72.67 

53.76 

104.38 

944.27 

250.48 

693.79 

65 

2169.9 

3320.9 

0.13270 

1.10413 

2.5673 

0.1766 

0.02415 

73.07 

53.89 

105.31 

961.07 

251.71 

709.36 

66 

2206.1 

3294.5 

0.13489 

1.08948 

2.5740 

0.1833 

0.02473 

73.12 

53.86 

106.18 

977.08 

251.43 

725.65 

67 

2242.4 

3254.9 

0.13708 

1.07819 

2.5794 

0.1887 

0.02534 

72.48 

53.54 

107.11 

994.23 

248.39 

745.84 

68 

2279.4 

3239.0 

0.13927 

1.07849 

2.5864 

0.1957 

0.02591 

72.96 

53.69 

107.92 

1009.45 

249.85 

759.60 

69 

2316.4 

3205.9 

0.14149 

1.05743 

2.5940 

0.2033 

0.02652 

72.89 

53.60 

108.72 

1024.31 

248.97 

775.34 

70 

2353.6 

3164.8 

0.14371 

1.04584 

2.6026 

0.2119 

0.02715 

72.66 

53.43 

109.44 

1038.01 

247.40 

790.61 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5086-FT-1 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5086-H116 

Yield  (ksi) 

27.0 

Temperature(F) 

75.0 

Tensile  (ksi) 

46.0 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0496 

Notch  Depth  (in) 

1.100 

Met  Thickness  (in) 

0  496 

Gage  Length  (in) 

0.200 

Width  (in) 

2000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

1.100 

Precrack  Parameters 

Pmax  (Ibf) 

308.4 

Stress  Ratio 

0.1 

Final  a  (in) 

1.200 

Kmax  (ksi  sqrt  (in)) 

6.0 

Pf  (Ibf) 

887 

Initial  measured  crack  lenaths  (in) 

1.172  1.189 

1.200 

1.204 

1.208 

1.212  1.213 

1.207 

1.197 

Final  measured  crack  lenaths  (in) 

1.324  1.358 

1.451 

1.566 

1.647 

1  547  1.426 

1.354 

1.338 

X  X 

X 

X 

X 

X 

X 

Ave.  initial  crack  length  (in) 

1.202 

aoq  (in) 

1.201 

Ave.  final  crack  length  (in) 

1.460 

Compliance  Adj.  Factor 

0.995 

Delta  a  measured  (in) 

0258 

Effective  Modulus  (Msi) 

10.4 

Delta  a  predicted  (in) 

0200 

Results 

Ja  (El  820) 

155.4  lbf-in/inA2 

Kjk(E'*JQ)a1/2 

42.3  ksi  sqrt(in) 

Qualification  of  Data 

Qualification  of  as  J,r 

7.4.2:  precrack  length 

valid 

9.1 .4.1 ;  precrack 

valid 

A9.9.1;  thickness 

valid 

9.1. 4.2;  final  crack 

invalid 

A9.9.2;  ligament 

valid 

9.1. 5.1;  Aa  meas 

valid 

A9.9.3;  slope 

valid 

9.1. 5.2;  Aa  pred 

invalid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  #  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9.8.2.1;  ao0-a:, 

valid 

A9. 8.2.2;  #  of  pnts  for  Ja 

valid 

A9. 8.2.2;  if  of  pnts  <  Ja 

valid 

A9.3.3.1;  correlation 

valid 
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Index 

Time 

Sec 

Force 

Ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

5 

238.6 

353.5 

0.00415 

0.05585 

1.2025 

0.0016 

0.00003 

6.99 

9  1 

6.92 

4.15 

4.14 

0.01 

6 

310.3 

476.7 

0.00569 

0.07538 

1.2015 

0.0007 

0.00010 

9.49 

9.30 

9.36 

7.59 

7.49 

0.10 

7 

350.6 

598.8 

0.00725 

0.09399 

1.2024 

0.0016 

0.00020 

12.09 

11.70 

11.83 

12.12 

11.86 

0.26 

8 

389.1 

716.1 

0.00882 

0.11322 

1.2017 

0.0008 

0.00032 

14.64 

13.97 

14.29 

17.70 

16.92 

0.78 

9 

426.7 

828.7 

0.01039 

0.13092 

1.2027 

0.0018 

0.00047 

17.25 

16.20 

16.71 

24.21 

22.75 

1.47 

10 

464.2 

937.8 

0.01196 

0.14831 

1.2025 

0.0016 

0.00064 

19.87 

18.32 

19.14 

31.74 

29.10 

2.64 

11 

500.8 

1039.3 

0.01354 

0.16327 

1.2026 

0.0018 

0.00084 

22.46 

20.31 

21.53 

40.19 

35.77 

4.42 

12 

537.3 

1133.7 

0.01509 

0.17853 

1.2012 

0.0004 

0.00107 

24.90 

22.10 

23.89 

49.46 

42.33 

7.13 

13 

573.6 

1219.2 

0.01665 

0.19287 

1.2010 

0.0001 

0.00131 

27.29 

23.75 

26.20 

59.49 

48.90 

10.59 

14 

609.1 

1298.7 

0.01824 

0.20386 

1.2016 

0.0007 

0.00157 

29.70 

25.33 

28.48 

70.32 

55.62 

14.70 

15 

644.3 

1365.5 

0.01981 

0.21545 

1.2025 

0.0016 

0.00185 

31.88 

26.68 

30.68 

81.57 

61.71 

19.86 

16 

679.6 

1424.7 

0.02139 

0.22430 

1.2021 

0.0013 

0.00215 

33.79 

27.82 

32.89 

93.74 

67.08 

26.66 

17 

714.3 

1477.1 

0.02298 

0.23254 

1.2027 

0.0019 

0.00245 

35.65 

28.88 

35.02 

106.31 

72.27 

34.04 

18 

749.1 

1519.8 

0.02459 

0.23926 

1.2038 

0.0030 

0.00278 

37.31 

29.78 

37.11 

119.38 

76.84 

42.54 

19 

783.6 

1558.1 

0.02620 

0.24536 

1.2045 

0.0037 

0.0031 1 

38.82 

30.57 

39.16 

132.93 

81.00 

51.93 

20 

817.8 

1589.4 

0.02779 

0.24902 

1.2056 

0.0048 

0.00344 

40.17 

31.25 

41.12 

146.51 

84.64 

61.87 

21 

852 

1614.4 

0.02940 

0.25482 

1.2078 

0.0069 

0.00378 

41.47 

31.88 

42.99 

160.21 

88.08 

72.13 

22 

886.1 

1630.7 

0.03101 

0.25604 

1.2089 

0.0081 

0.00413 

42.31 

32.27 

44.86 

174.42 

90.27 

84.15 

23 

920.3 

1646.1 

0.03264 

0.26001 

1.2116 

0.0108 

0.00449 

43.38 

32.76 

46.63 

188.43 

92.99 

95.44 

24 

954.3 

1652.5 

0.03424 

0.25909 

1.2139 

0.0131 

0.00485 

44.01 

33.03 

48.34 

202.49 

94.56 

107.93 

25 

988.8 

1660.8 

0.03586 

0.26032 

1.2158 

0.0149 

0.00521 

44.68 

33.32 

50.02 

216.84 

96.22 

120.61 

26 

1022.8 

1663.7 

0.03747 

0.26123 

1.2184 

0.0175 

0.00557 

45.25 

33.55 

51.61 

230.88 

97.57 

133.31 

27 

1057.2 

1665.0 

0.03908 

0.26306 

1.2209 

0.0201 

0.00594 

45.76 

33.76 

53.17 

245.00 

98.75 

146.25 

28 

1091.7 

1672.8 

0.04069 

0.26215 

1.2232 

0.0224 

0.00630 

46.53 

34.07 

54.69 

259.19 

100.59 

158.60 

29 

1126.1 

1673.9 

0.04231 

0.26367 

1.2239 

0.0231 

0.00668 

46.72 

34.14 

56.26 

274.35 

101.02 

173.33 

30 

1160.6 

1671.3 

0.04392 

0.26367 

1  2268 

0.0260 

0.00705 

47.13 

34.29 

57.67 

288.24 

101.90 

186.34 

31 

1195.2 

1678.5 

0.04555 

0.26337 

1.2281 

0.0272 

0.00743 

47.71 

34.52 

59.15 

303.21 

103.30 

199.91 

32 

1229.9 

1675.1 

0.04717 

0.26337 

1.2298 

0.0290 

0.00781 

47.88 

34.58 

60.56 

317.82 

103.61 

214.20 

33 

1264.6 

1673.9 

0.04878 

0.26276 

1.2314 

0.0306 

0.00819 

48.13 

34.67 

61.93 

332.36 

104.15 

228.20 

34 

1299.6 

1672.5 

0.05039 

0.26215 

1.2322 

0.0314 

0.00858 

48.22 

34.69 

63.32 

347.46 

104.32 

243.14 

35 

1334.6 

1666.4 

0.05201 

0.26215 

1.2346 

0.0337 

0.00896 

48.38 

34.74 

64.59 

361.51 

104.57 

256.94 

36 

1369.6 

1663.5 

0.05360 

0.26092 

1.2374 

0.0365 

0.00934 

48.79 

34.88 

65.78 

375.00 

105.42 

269.58 

37 

1404.9 

1664.4 

0.05522 

0.26092 

1.2380 

0.0372 

0.00973 

48.96 

34.94 

67.10 

390.19 

105.80 

284.39 

38 

1440.1 

1661.4 

0.05682 

0.26062 

1.2391 

0.0382 

0.01011 

49.02 

34.95 

68.35 

404.93 

105.87 

299.06 

39 

1475.6 

1657.7 

0.05843 

0.26032 

1.2411 

0.0402 

0.01050 

49.25 

35.02 

69.53 

418.96 

106.30 

312.65 

40 

1510.7 

1648.4 

0.06004 

0.25848 

1.2430 

0.0422 

0.01089 

49.16 

34.97 

70.69 

433.03 

105.97 

327.05 

41 

1546.5 

1644.3 

0.06167 

0.25940 

1.2454 

0.0445 

0.01129 

49.43 

35.05 

71.81 

446.92 

106.46 

340.45 

42 

1582.2 

1641.2 

0.06329 

0.25848 

1.2466 

0.0458 

0.01169 

49.53 

35.08 

72.97 

461.45 

106.64 

354.81 

43 

1618 

1633.9 

0.06488 

0.25726 

1.2480 

0.0471 

0.01208 

49.42 

35.02 

74.08 

475.64 

106.29 

369.35 

44 

1654 

1626.4 

0.06650 

0.25665 

1.2491 

0.0483 

0.01248 

49.26 

34.94 

75.21 

490.24 

105.83 

384.41 

45 

1690 

1619.3 

0.06813 

0.25452 

1.2517 

0.0509 

0.01288 

49.42 

34.98 

76.22 

503.49 

106.04 

397.44 

46 

1726.1 

1615.8 

0.06972 

0.25452 

1.2529 

0.0520 

0.01327 

49.48 

34.99 

77.28 

517.62 

106.11 

411.51 

47 

1762.5 

1614.5 

0.07131 

0.25574 

1.2544 

0.0535 

0.01366 

49.73 

35.07 

78.30 

531.39 

106.61 

424.78 

48 

1798.7 

1608.0 

0.07290 

0.25360 

1.2572 

0.0564 

0.01407 

49.99 

35.14 

79.21 

543.83 

107.04 

436.79 

49 

1835.1 

1600.7 

0.07453 

0.25116 

1.2585 

0.0577 

0.01448 

49.86 

35.08 

80.25 

558.18 

106.65 

451.53 

50 

1871.9 

1598.4 

0.07614 

0.25146 

1.2599 

0.0590 

0.01487 

50.03 

35.13 

81.25 

572.16 

106.95 

465.21 

51 

1908.6 

1595.3 

0.07775 

0.25146 

1.2616 

0.0607 

0.01528 

50.23 

35.19 

82.21 

585.71 

107.33 

478.39 

52 

1945.1 

1590.9 

0.07937 

0.24963 

1.2635 

0.0627 

0.01569 

50.42 

35.24 

83.14 

599.03 

107.63 

491.40 

53 

1982 

1586.5 

0.08099 

0.24933 

1.2647 

0.0639 

0.01609 

50.44 

35.23 

84.11 

613.12 

107.60 

505.53 

54 

2018.7 

1577.2 

0.08260 

0.24872 

1.2664 

0.0655 

0.01650 

50.27 

35.15 

85.03 

626.60 

107.09 

519.51 

55 

2055.6 

1573.0 

0.08416 

0.24780 

1.2678 

0.0670 

0.01690 

50.36 

35.17 

85.92 

639.78 

107.21 

532.58 

56 

2092.9 

1570.1 

0.08577 

0.24689 

1.2692 

0.0683 

0.01731 

50.50 

35.21 

86.83 

653.45 

107.43 

546.02 

57 

2130.1 

1555.9 

0.08739 

0.24445 

1.2714 

0.0705 

0.01773 

50.17 

35.06 

87.67 

666.12 

106.51 

559.61 

58 

2167.4 

1544.9 

0.08901 

0.24353 

1.2741 

0.0732 

0.01816 

50.14 

35.01 

88.46 

678.13 

106.25 

571.87 

59 

2204.9 

1535.9 

0.09066 

0.24322 

1.2764 

0.0755 

0.01860 

50.13 

34.98 

89.27 

690.70 

106.07 

584.63 

60 

2242.4 

1524.8 

0.09228 

0.24139 

1.2786 

0.0777 

0.01903 

49.98 

34.90 

90.07 

703.02 

105.56 

597.45 
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Index 

Time 

Sec 

Force 

ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

61 

2280.4 

1513.5 

0.09388 

0.23773 

1.2816 

0.0808 

0.01946 

50.00 

34.87 

90.77 

713.99 

105.40 

608.59 

62 

2318.4 

1500.2 

0.09545 

0.23773 

1.2845 

0.0837 

0.01989 

49.86 

34.79 

91.45 

724.78 

104.89 

619.89 

63 

2356.6 

1485.8 

0.09706 

0.23438 

1.2874 

0.0866 

0.02033 

49.65 

34.68 

92.14 

735.70 

104.21 

631.49 

64 

2395.2 

1479.3 

0.09864 

0.23438 

1.2901 

0.0892 

0.02075 

49.87 

34.73 

92.82 

746.62 

104.54 

642.09 

65 

2433.9 

1471.1 

0.10023 

0.23254 

1.2921 

0.0913 

0.02118 

49.84 

34.70 

93.54 

758.33 

104.33 

654.00 

66 

2472.9 

1460.9 

0.10180 

0.23254 

1.2939 

0.0930 

0.02160 

49.62 

34.59 

94.27 

770.25 

103.69 

666.57 

67 

2512.1 

1448.7 

0.10342 

0.22919 

1.2979 

0.0970 

0.02206 

49.80 

34.61 

94.82 

779.20 

103.83 

675.37 

68 

2551.6 

1440.0 

0.10501 

0.22766 

1.3001 

0.0992 

0.02250 

49.77 

34.58 

95.50 

790.41 

103.62 

686.79 

69 

2591.2 

1428.2 

0.10662 

0.22675 

1.3021 

0.1013 

0.02294 

49.52 

34.46 

96.19 

801.91 

102.89 

699.02 

70 

2631.1 

1412.2 

0.10825 

0.22430 

1.3067 

0.1058 

0.02342 

49.56 

34.42 

96.66 

809.76 

102.69 

707.07 

71 

2671.2 

1399.4 

0.10984 

0.22339 

1.3086 

0.1077 

0.02386 

49.19 

34.26 

97.34 

821.10 

101.72 

719.39 

72 

2711.7 

1392.5 

0.11146 

0.22125 

1.3106 

0.1098 

0.02431 

49.24 

34.25 

97.99 

832.24 

101.68 

730.56 

73 

2752.2 

1383.1 

0.11304 

0.21942 

1.3138 

0.1129 

0.02476 

49.38 

34.27 

98.52 

841.26 

101.78 

739.48 

74 

2793.1 

1374.5 

0.11463 

0.21912 

1.3163 

0.1154 

0.02520 

49.41 

34.25 

99.11 

851.36 

101.69 

749.67 

75 

2834.2 

1366.6 

0.11621 

0.21790 

1.3187 

0.1178 

0.02565 

49.48 

34.25 

99.69 

861.37 

101.66 

759.71 

76 

2875.6 

1351.2 

0.11784 

0.21515 

1.3222 

0.1213 

0.02613 

49.29 

34.14 

100.19 

870.01 

101.00 

769.00 

77 

2916.9 

1339.7 

0.11942 

0.21393 

1.3259 

0.1250 

0.02660 

49.43 

34.15 

100.63 

877.64 

101.04 

776.59 

78 

2958.9 

1324.9 

0.12098 

0.21210 

1.3289 

0.1280 

0.02706 

49.17 

34.01 

101.11 

886.09 

100.26 

785.84 

79 

3001.2 

1309.5 

0.12260 

0.20843 

1.3325 

0.1316 

0.02755 

49.00 

33.91 

101.56 

893.96 

99.63 

794.33 

80 

3043.9 

1298.8 

0.12417 

0.20721 

1.3357 

0.1349 

0.02802 

49.06 

33.89 

102.01 

901.82 

99.54 

802.28 

81 

3086.9 

1286.9 

0.12577 

0.20508 

1.3387 

0.1378 

0.02850 

48.96 

33.82 

102.49 

910.33 

99.12 

811.20 

82 

3130.1 

1273.3 

0.12739 

0.20355 

1.3420 

0.1411 

0.02899 

48.83 

33.73 

102.94 

918.30 

98.60 

819.70 

83 

3173.7 

1262.5 

0.12896 

0.20294 

1.3442 

0.1434 

0.02945 

48.63 

33.63 

103.45 

927.50 

98.00 

829.51 

84 

3217.7 

1255.8 

0.13056 

0.20203 

1.3476 

0.1467 

0.02992 

48.98 

33.72 

103.86 

934.93 

98.54 

836.39 

85 

3261.9 

1247.7 

0.13214 

0.20050 

1.3499 

0.1491 

0.03039 

49.00 

33.70 

104.36 

943.91 

98.41 

845.50 

86 

3306.4 

1236.9 

0.13375 

0.19836 

1.3530 

0.1521 

0.03088 

48.98 

33.65 

104.79 

951.77 

98.16 

853.61 

87 

3351.4 

1232.2 

0.13532 

0.19714 

1.3546 

0.1537 

0.03133 

49.04 

33.66 

105.35 

961.87 

98.19 

863.68 

88 

3396.4 

1219.8 

0.13692 

0.19562 

1.3569 

0.1561 

0.03181 

48.74 

33.52 

105.83 

970.71 

97.36 

873.36 

89 

3441.4 

1202.7 

0.13856 

0.19287 

1.3601 

0.1593 

0.03233 

48.28 

33.31 

106.24 

978.13 

96.15 

881.98 

90 

3487.4 

1199.2 

0.14013 

0.19257 

1.3622 

0.1614 

0.03278 

48.56 

33.39 

106.71 

986.88 

96.61 

890.28 

91 

3533.4 

1189.4 

0.14173 

0.19135 

1.3659 

0.1651 

0.03328 

48.78 

33.42 

107.03 

992.73 

96.81 

895.91 

92 

3579.7 

1176.9 

0.14336 

0.18951 

1.3681 

0.1672 

0.03378 

48.39 

33.25 

107.51 

1001.79 

95.82 

905.97 

93 

3626.2 

1166.1 

0.14495 

0.18799 

1.3721 

0.1713 

0.03429 

48.62 

33.29 

107.77 

1006.57 

96.02 

910.54 

94 

3673.2 

1155.8 

0.14658 

0.18738 

1.3746 

0.1737 

0.03479 

48.47 

33.20 

108.21 

1014.73 

95.53 

919.20 

95 

3720.7 

1147.3 

0.14820 

0.18524 

1.3779 

0.1771 

0.03530 

48.68 

33.24 

108.53 

1020.88 

95.75 

925.12 

96 

3768.6 

1136.2 

0.14980 

0.18372 

1.3814 

0.1806 

0.03581 

48.73 

33.21 

108.83 

1026.44 

95.60 

930.84 

97 

3816.6 

1124.0 

0.15138 

0.18249 

1.3851 

0.1842 

0.03633 

48.74 

33.17 

109.09 

1031.43 

95.35 

936.09 

98 

3865.4 

1116.9 

0.15296 

0.18066 

1.3872 

0.1863 

0.03681 

48.75 

33.15 

109.52 

1039.48 

95.21 

944.27 

99 

3914.2 

1104.0 

0.15457 

0.17883 

1.3900 

0.1892 

0.03733 

48.45 

33.00 

109.87 

1046.21 

94.39 

951.82 

100 

3963.7 

1096.8 

0.15615 

0.17700 

1.3931 

0.1923 

0.03783 

48.71 

33.06 

110.17 

1051.94 

94.70 

957.24 

101 

4013.4 

1085.2 

0.15776 

0.17609 

1.3958 

0.1950 

0.03834 

48.48 

32.94 

110.52 

1058.68 

94.04 

964.64 

102 

4063.4 

1073.2 

0.15935 

0.17456 

1.3991 

0.1982 

0.03887 

48.37 

32.86 

110.80 

1063.93 

93.57 

970.36 

103 

4113.8 

1059.4 

0.16092 

0.17212 

1.4029 

0.2020 

0.03940 

48.25 

32.77 

110.99 

1067.71 

93.05 

974.65 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5086-FT-2 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5086-H1 16 

Yield  (ksi) 

27.0 

Temperature(F) 

75.0 

Tensile  (ksi) 

46.0 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0  497 

Notch  Depth  (in) 

1.100 

Net  Thickness  (in) 

0  497 

Gage  Length  (in) 

0.200 

Width  (in) 

2000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

1.100 

Precrack  Parameters 

Pmax  (Ibf) 

308.4 

Stress  Ratio 

0.1 

Final  a  (in) 

1.200 

Kmax  (ksi  sqrt  (in)) 

6.0 

Pf  (Ibf) 

885 

Initial  measured  crack  lenciths  (in) 

1.180  1.199 

1.208 

1.208 

12209 

1.211  1.209 

1.199 

1.181 

Final  measured  crack  lenaths  (in) 

1.331  1.362 

1.446 

1.577 

1.636 

1.514  1.405 

1.349 

1.338 

X  X 

X 

X 

X 

X 

Ave.  initial  crack  length  (in) 

1.203 

aoq  (in) 

n/a 

Ave.  final  crack  length  (in) 

1.453 

Compliance  Adj.  Factor 

1.014 

Delta  a  measured  (in) 

0.250 

Effective  Modulus  (Msi) 

10.6 

Delta  a  predicted  (in) 

0.198 

Results 

Ja  (El  820) 

147.6  lbf-in/inA2 

K^E'-Jari* 

41 .3  ksi  sqrt(in) 

Qualification  of  Data 

Qualification  of  J,  as  X- 

7.4.2:  precrack  length 

valid 

9.1. 4.1:  precrack 

valid 

A9.9.1;  thickness 

valid 

9.1. 4.2;  final  crack 

invalid 

A9.9.2;  ligament 

valid 

9.1. 5.1;  Aa  meas 

valid 

A9.9.3;  slope 

valid 

9.1. 5.2;  Aa  pred 

invalid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  #  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9.8.2.1;  aoa-a3  #VALUE! 

A9. 8.2.2;  #  of  pnts  for  Ja 

valid 

A9. 8.2.2;  #  of  pnts  <  Ja 

valid 

A9.3.3.1;  correlation 

valid 
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Index 

Time 

Sec 

Force 

ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

7 

361.7 

478.5 

0.00561 

0.07507 

1.2031 

0.0000 

0.00010 

9.56 

9.36 

9.37 

7.61 

7.60 

0.01 

9 

439.8 

719.3 

0.00872 

0.11322 

1.2033 

0.0002 

0.00033 

14.76 

14.08 

14.35 

17.86 

17.18 

0.68 

11 

513.8 

942.5 

0.01185 

0.14801 

1.2037 

0.0006 

0.00065 

20.05 

18.46 

19.26 

32.14 

29.54 

2.60 

12 

550.5 

1044.3 

0.01341 

0.16419 

1.2043 

0.0012 

0.00085 

22.69 

20.48 

21.65 

40.64 

36.34 

4.29 

13 

586.8 

1139.7 

0.01498 

0.17914 

1.2043 

0.0012 

0.00107 

25.27 

22.35 

24.04 

50.11 

43.29 

6.81 

14 

622.6 

1227.7 

0.01658 

0.19379 

1.2042 

0.0011 

0.00132 

27.78 

24.07 

26.43 

60.54 

50.21 

10.33 

15 

658.1 

1304.6 

0.01815 

0.20508 

1.2045 

0.0014 

0.00159 

30.14 

25.59 

28.72 

71.48 

56.78 

14.71 

16 

693.5 

1372.8 

0.01974 

0.21545 

1.2052 

0.0020 

0.00188 

32.37 

26.97 

30.98 

83.21 

63.02 

20.18 

17 

728.3 

1432.7 

0.02133 

0.22461 

1.2056 

0.0024 

0.00218 

34.42 

28.16 

33.20 

95.52 

68.75 

26.77 

18 

763.1 

1483.9 

0.02294 

0.23285 

1.2063 

0.0031 

0.00249 

36.30 

29.21 

35.38 

108.46 

73.96 

34.50 

19 

797.5 

1525.4 

0.02455 

0.23956 

1.2074 

0.0043 

0.00282 

37.96 

30.10 

37.47 

121.70 

78.51 

43.19 

20 

831.6 

1561.4 

0.02615 

0.24597 

1.2082 

0.0051 

0.00315 

39.43 

30.86 

39.51 

135.26 

82.51 

52.74 

21 

865.8 

1587.2 

0.02778 

0.24994 

1.2100 

0.0069 

0.00350 

40.69 

31.48 

41.48 

149.13 

85.88 

63.26 

22 

899.8 

1606.0 

0.02941 

0.25177 

1.2121 

0.0089 

0.00385 

41.76 

31.98 

43.39 

163.17 

88.65 

74.52 

23 

933.8 

1620.5 

0.03102 

0.25391 

1.2141 

0.0110 

0.00420 

42.67 

32.40 

45.21 

177.16 

90.99 

86.17 

24 

968.1 

1629.0 

0.03265 

0.25635 

1.2164 

0.0133 

0.00457 

43.40 

32.72 

46.98 

191.32 

92.81 

98.51 

25 

1002.1 

1640.3 

0.03425 

0.25818 

1.2197 

0.0165 

0.00492 

44.42 

33.17 

48.63 

204.96 

95.34 

109.62 

26 

1036.4 

1650.4 

0.03588 

0.25879 

1.2213 

0.0182 

0.00528 

45.16 

33.48 

50.33 

219.52 

97.16 

122.36 

27 

1070.6 

1656.7 

0.03750 

0.26001 

1.2237 

0.0205 

0.00565 

45.85 

33.77 

51.94 

233.78 

98.83 

134.95 

28 

1104.7 

1660.8 

0.03913 

0.25971 

1.2244 

0.0212 

0.00603 

46.17 

33.90 

53.59 

248.94 

99.60 

149.34 

29 

1139.1 

1663.8 

0.04075 

0.26123 

1.2253 

0.0221 

0.00640 

46.48 

34.03 

55.19 

263.94 

100.34 

163.60 

30 

1173.2 

1664.4 

0.04236 

0.26062 

1.2281 

0.0250 

0.00677 

47.03 

34.24 

56.62 

277.83 

101.58 

176.25 

31 

1207.5 

1664.3 

0.04395 

0.26184 

1.2297 

0.0266 

0.00715 

47.33 

34.34 

58.07 

292.21 

102.22 

189.99 

32 

1242.1 

1666.1 

0.04557 

0.26276 

1.2316 

0.0285 

0.00752 

47.77 

34.51 

59.49 

306.73 

103.24 

203.49 

33 

1276.7 

1670.4 

0.04717 

0.26306 

1.2320 

0.0289 

0.00790 

48.07 

34.63 

60.95 

321.92 

103.95 

217.97 

34 

1311.4 

1674.3 

0.04881 

0.26367 

1 .2337 

0.0306 

0.00828 

48.61 

34.84 

62.33 

336.65 

105.19 

231.46 

35 

1346.1 

1675.7 

0.05044 

0.26367 

1.2355 

0.0324 

0.00867 

49.03 

34.99 

63.68 

351.41 

106.12 

245.30 

36 

1380.7 

1666.6 

0.05206 

0.26245 

1.2358 

0.0327 

0.00906 

48.63 

34.83 

65.06 

366.86 

105.12 

261.74 

37 

1415.6 

1666.0 

0.05367 

0.26215 

1.2389 

0.0358 

0.00944 

49.23 

35.04 

66.25 

380.33 

106.39 

273.95 

38 

1450.7 

1666.1 

0.05530 

0.26154 

1.2396 

0.0365 

0.00983 

49.38 

35.09 

67.57 

395.67 

106.72 

288.95 

39 

1485.5 

1650.7 

0.05691 

0.25971 

1.2416 

0.0385 

0.01022 

48.98 

34.91 

68.76 

409.78 

105.62 

304.17 

40 

1520.6 

1650.1 

0.05852 

0.25909 

1.2436 

0.0405 

0.01061 

49.37 

35.05 

69.93 

423.78 

106.44 

317.34 

41 

1555.9 

1650.1 

0.06012 

0.26184 

1.2447 

0.0415 

0.01100 

49.59 

35.12 

71.13 

438.46 

106.90 

331.56 

42 

1591.2 

1645.8 

0.06172 

0.25848 

1.2463 

0.0432 

0.01139 

49.70 

35.15 

72.27 

452.65 

107.07 

345.58 

43 

1626.6 

1642.5 

0.06334 

0.25757 

1.2475 

0.0443 

0.01178 

49.77 

35.16 

73.43 

467.30 

107.15 

360.15 

44 

1662.4 

1641.8 

0.06495 

0.25848 

1.2492 

0.0460 

0.01217 

50.10 

35.27 

74.53 

481.39 

107.84 

373.55 

45 

1698.1 

1643.5 

0.06656 

0.25787 

1.2496 

0.0464 

0.01256 

50.28 

35.34 

75.70 

496.58 

108.25 

388.34 

46 

1733.9 

1643.4 

0.06817 

0.25909 

1.2517 

0.0486 

0.01295 

50.75 

35.50 

76.73 

510.25 

109.23 

401.02 

47 

1769.6 

1635.9 

0.06975 

0.25665 

1.2534 

0.0503 

0.01335 

50.71 

35.46 

77.76 

524.02 

109.00 

415.02 

48 

1805.2 

1629.9 

0.07135 

0.25574 

1.2550 

0.0519 

0.01374 

50.73 

35.46 

78.78 

537.95 

108.95 

429.00 

49 

1841.1 

1622.0 

0.07293 

0.25574 

1.2568 

0.0536 

0.01414 

50.67 

35.41 

79.77 

551.55 

108.69 

442.86 

50 

1877.2 

1615.1 

0.07456 

0.25330 

1.2586 

0.0554 

0.01455 

50.69 

35.40 

80.77 

565.41 

108.60 

456.81 

51 

1913.4 

1607.2 

0.07619 

0.25269 

1.2604 

0.0573 

0.01496 

50.64 

35.36 

81.75 

579.22 

108.37 

470.85 

52 

1949.6 

1591.6 

0.07778 

0.24963 

1.2630 

0.0599 

0.01537 

50.35 

35.22 

82.63 

591.70 

107.50 

484.20 

53 

1986 

1588.1 

0.07941 

0.24963 

1.2651 

0.0620 

0.01579 

50.61 

35.30 

83.55 

605.00 

107.98 

497.02 

54 

2022.6 

1584.5 

0.08102 

0.24994 

1.2668 

0.0637 

0.01619 

50.80 

35.35 

84.47 

618.45 

108.29 

510.16 

55 

2059.2 

1579.9 

0.08264 

0.24841 

1.2687 

0.0656 

0.01660 

50.95 

35.39 

85.38 

631.75 

108.52 

523.23 

56 

2095.9 

1570.3 

0.08425 

0.24811 

1.2711 

0.0679 

0.01702 

50.94 

35.35 

86.23 

644.40 

108.32 

536.08 

57 

2132.9 

1563.1 

0.08589 

0.24689 

1.2731 

0.0700 

0.01745 

50.99 

35.35 

87.10 

657.55 

108.29 

549.26 

58 

2170.1 

1560.2 

0.08749 

0.24567 

1.2749 

0.0717 

0.01785 

51.22 

35.42 

87.96 

670.54 

108.72 

561.82 

59 

2207.2 

1550.8 

0.08907 

0.24384 

1.2778 

0.0747 

0.01827 

51.34 

35.43 

88.70 

681.92 

108.78 

573.14 

60 

2244.7 

1541.4 

0.09066 

0.24261 

1.2797 

0.0766 

0.01869 

51.23 

35.37 

89.52 

694.60 

108.40 

586.20 

61 

2282.2 

1534.6 

0.09226 

0.24261 

1.2820 

0.0789 

0.01911 

51.36 

35.38 

90.30 

706.73 

108.51 

598.21 

62 

2319.9 

1526.2 

0.09388 

0.24109 

1.2841 

0.0810 

0.01954 

51.36 

35.36 

91.10 

719.20 

108.36 

610.84 

63 

2357.9 

1513.7 

0.09550 

0.23865 

1.2880 

0.0849 

0.01999 

51.51 

35.37 

91.73 

729.31 

108.42 

620.89 

64 

2395.9 

1508.6 

0.09712 

0.23865 

1.2895 

0.0863 

0.02041 

51.55 

35.37 

92.55 

742.40 

108.42 

633.98 
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Index 

Time 

Sec 

Force 

Ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

Ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

65 

2434.1 

1497.3 

0.09874 

0.23651 

1.2923 

0.0891 

0.02085 

51.52 

35.32 

93.25 

753.68 

108.14 

645.54 

66 

2472.6 

1490.5 

0.10034 

0.23590 

1.2944 

0.0913 

0.02128 

51.61 

35.33 

93.99 

765.56 

108.20 

657.36 

67 

2510.9 

1473.7 

0.10196 

0.23377 

1.2975 

0.0944 

0.02173 

51.29 

35.18 

94.64 

776.19 

107.25 

668.94 

68 

2549.9 

1460.3 

0.10354 

0.23071 

1.3008 

0.0977 

0.02218 

51.25 

35.12 

95.23 

785.96 

106.90 

679.06 

69 

2588.9 

1450.0 

0.10515 

0.23010 

1.3039 

0.1008 

0.02263 

51.36 

35.12 

95.84 

796.09 

106.92 

689.16 

70 

2628.2 

1440.3 

0.10676 

0.22858 

1.3066 

0.1034 

0.02307 

51.37 

35.10 

96.49 

806.91 

106.76 

700.15 

71 

2667.7 

1424.4 

0.10836 

0.22583 

1.3097 

0.1065 

0.02353 

51.09 

34.96 

97.08 

816.73 

105.91 

710.82 

72 

2707.6 

1414.3 

0.10994 

0.22430 

1.3127 

0.1095 

0.02398 

51.18 

34.95 

97.65 

826.44 

105.88 

720.56 

73 

2747.7 

1405.5 

0.11156 

0.22308 

1.3151 

0.1119 

0.02443 

51.19 

34.93 

98.29 

837.32 

105.73 

731.59 

74 

2788.2 

1396.6 

0.11319 

0.22186 

1.3177 

0.1146 

0.02489 

51.27 

34.92 

98.90 

847.71 

105.70 

742.00 

75 

2828.7 

1384.1 

0.11479 

0.22064 

1.3208 

0.1176 

0.02535 

51.18 

34.86 

99.45 

857.24 

105.29 

751.94 

76 

2869.6 

1371.9 

0.11643 

0.21820 

1.3241 

0.1210 

0.02583 

51.20 

34.82 

99.98 

866.35 

105.08 

761.28 

77 

2910.4 

1358.6 

0.11808 

0.21607 

1.3267 

0.1236 

0.02630 

50.95 

34.70 

100.58 

876.67 

104.35 

772.32 

78 

2951.9 

1344.8 

0.11970 

0.21393 

1.3306 

0.1275 

0.02679 

50.97 

34.66 

101.02 

884.46 

104.11 

780.35 

79 

2993.4 

1331.2 

0.12131 

0.21179 

1.3334 

0.1303 

0.02726 

50.74 

34.54 

101.56 

893.87 

103.39 

790.48 

80 

3035.2 

1320.7 

0.12288 

0.21027 

1.3373 

0.1341 

0.02773 

51.00 

34.59 

101.95 

900.87 

103.67 

797.20 

81 

3077.7 

1308.8 

0.12452 

0.20904 

1.3402 

0.1371 

0.02822 

50.91 

34.52 

102.47 

910.00 

103.26 

806.74 

82 

3120.2 

1298.7 

0.12613 

0.20691 

1.3435 

0.1403 

0.02869 

51.04 

34.52 

102.93 

918.16 

103.29 

814.86 

83 

3163.1 

1283.4 

0.12773 

0.20447 

1.3471 

0.1440 

0.02919 

50.89 

34.42 

103.34 

925.45 

102.69 

822.76 

84 

3206.2 

1274.9 

0.12934 

0.20325 

1.3505 

0.1474 

0.02967 

51.17 

34.48 

103.76 

933.08 

103.03 

830.05 

85 

3249.9 

1263.3 

0.13091 

0.20172 

1.3541 

0.1510 

0.03015 

51.26 

34.47 

104.14 

939.98 

102.95 

837.03 

86 

3293.9 

1258.7 

0.13250 

0.20142 

1.3566 

0.1535 

0.03061 

51.60 

34.55 

104.64 

948.93 

103.48 

845.45 

87 

3338.2 

1250.5 

0.13410 

0.20050 

1.3581 

0.1550 

0.03107 

51.38 

34.46 

105.23 

959.75 

102.90 

856.86 

88 

3382.4 

1240.5 

0.13569 

0.19867 

1.3611 

0.1580 

0.03156 

51.45 

34.44 

105.66 

967.54 

102.80 

864.74 

89 

3427.2 

1228.0 

0.13728 

0.19714 

1.3642 

0.1610 

0.03205 

51.32 

34.36 

106.07 

975.07 

102.30 

872.77 

90 

3472.1 

1208.8 

0.13885 

0.19348 

1.3678 

0.1647 

0.03256 

50.81 

34.13 

106.40 

981.18 

100.95 

880.23 

91 

3517.7 

1201.6 

0.14047 

0.19287 

1.3716 

0.1685 

0.03306 

51.30 

34.25 

106.73 

987.17 

101.69 

885.48 

92 

3563.6 

1190.6 

0.14207 

0.19073 

1.3745 

0.1714 

0.03355 

51.24 

34.19 

107.13 

994.66 

101.34 

893.32 

93 

3609.6 

1176.2 

0.14367 

0.18921 

1.3785 

0.1754 

0.03407 

51.21 

34.13 

107.41 

999.80 

100.95 

898.85 

94 

3656.2 

1168.5 

0.14527 

0.18860 

1.3815 

0.1783 

0.03457 

51.42 

34.16 

107.80 

1007.10 

101.16 

905.95 

95 

3702.9 

1145.6 

0.14689 

0.18494 

1.3852 

0.1821 

0.0351 1 

50.58 

33.82 

108.09 

1012.65 

99.14 

913.51 

96 

3750.4 

1137.8 

0.14848 

0.18311 

1.3883 

0.1852 

0.03561 

50.82 

33.86 

108.44 

1019.08 

99.39 

919.69 

97 

3798.2 

1129.3 

0.15009 

0.18189 

1.3907 

0.1876 

0.03610 

50.79 

33.82 

108.86 

1027.05 

99.14 

927.91 

98 

3846.2 

1117.6 

0.15167 

0.18005 

1.3942 

0.1910 

0.03662 

50.79 

33.78 

109.15 

1032.48 

98.87 

933.62 

99 

3894.7 

1097.6 

0.15331 

0.17761 

1.3979 

0.1948 

0.03718 

50.14 

33.50 

109.42 

1037.64 

97.27 

940.37 

100 

3943.7 

1087.7 

0.15488 

0.17609 

1.4008 

0.1977 

0.03768 

50.13 

33.46 

109.74 

1043.70 

97.02 

946.68 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5086-FT-3 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5086-H116 

Yield  (ksi) 

27.0 

Temperature(F) 

75.0 

Tensile  (ksi) 

46.0 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0.496 

Notch  Depth  (in) 

1.100 

Net  Thickness  (in) 

0.396 

Gage  Length  (in) 

0.200 

Width  (in) 

Pin  Spacing  (in) 

2000 

1.100 

Alpha  Ratio 

1 

Precrack  Parameters 

Pmax  (Ibf) 

308.0 

Stress  Ratio 

0.1 

Final  a  (in) 

Pf  (Ibf) 

1.200 

872 

Kmax  (ksi  sqrt  (in)) 

6.1 

Initial  measured  crack  lenaths  (in) 

1.187  1.204  1.208 

1.207 

1-210 

1.213 

1.215 

1-213 

1.207 

Final  measured  crack  lenaths  (in) 
1.419  1.424  1.429 

1.416 

1.409 

1.418 

1.415 

1.418 

1.416 

Ave.  initial  crack  length  (in) 

1.208 

aoq  (in) 

1.207 

Ave.  final  crack  length  (in) 

1.418 

Compliance  Adj.  Factor 

1.017 

Delta  a  measured  (in) 

0.210 

Effective  Modulus  (Msi) 

10.7 

Delta  a  predicted  (in) 

0  199 

Results 

Ja  (El  820)  155.2  lbf-in/inA2 

Kj^<E-JQ)A1/2  42.3  ksi  sqrt(in) 


Qualification  of  Data 

7.4.2:  precrack  length 

valid 

9.1. 4.1;  precrack 

valid 

9.1. 4.2;  final  crack 

valid 

9.1. 5.1;  Aa  meas 

valid 

9.1. 5.2;  Aa  pred 

valid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  #  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9. 8.2.1;  aoq-a5 

valid 

A9. 8.2.2;  #  of  pnts  for  Ja 

valid 

A9. 8.2.2;  i*  of  pnts  <  JQ 

valid 

A9.3.3.1;  correlation 

valid 

Qualification  of  Jr,  as  ■!,- 


A9.9.1;  thickness 

valid 

A9.9.2;  ligament 

valid 

A9.9.3;  slope 

valid 

226 


DRDC  Atlantic  CR  2007-019 


Index 

Time 

Sec 

Force 

ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

10 

342.7 

304.1 

0.00366 

0.04822 

1.2084 

0.0011 

0.00002 

6.81 

6.73 

6.75 

3.95 

3.93 

0.02 

11 

385.4 

385.6 

0.00471 

0.06103 

1.2080 

0.0007 

0.00007 

8.68 

8.53 

8.57 

6.36 

6.31 

0.05 

12 

418.3 

464.9 

0.00577 

0.07294 

1.2080 

0.0007 

0.00013 

10.55 

10.29 

10.39 

9.36 

9.17 

0.19 

13 

450.6 

544.6 

0.00682 

0.08575 

1.2071 

-0.0002 

0.00021 

12.45 

12.03 

12.21 

12.91 

12.54 

0.37 

14 

481.3 

619.2 

0.00787 

0.09766 

1.2065 

-0.0008 

0.00030 

14.29 

13.66 

14.02 

17.02 

16.18 

0.85 

15 

511.8 

695.3 

0.00894 

0.10956 

1.2079 

0.0006 

0.00040 

16.29 

15.38 

15.80 

21.65 

20.51 

1.14 

16 

542.1 

766.5 

0.00998 

0.12085 

1.2068 

-0.0005 

0.00052 

18.13 

16.92 

17.60 

26.85 

24.81 

2.04 

17 

571.8 

836.3 

0.01105 

0.13214 

1.2073 

0.0000 

0.00064 

20.08 

18.48 

19.37 

32.52 

29.60 

2.92 

18 

601.6 

904.2 

0.01211 

0.14282 

1.2081 

0.0008 

0.00078 

22.08 

20.01 

21.13 

38.71 

34.72 

4.00 

19 

631.1 

969.8 

0.01318 

0.15350 

1.2082 

0.0008 

0.00093 

24.05 

21.47 

22.89 

45.41 

39.94 

5.47 

20 

660.5 

1031.7 

0.01425 

0.16296 

1.2064 

-0.0010 

0.00110 

25.86 

22.75 

24.70 

52.87 

44.87 

8.00 

21 

689.5 

1088.6 

0.01532 

0.17212 

1.2083 

0.0010 

0.00126 

27.85 

24.10 

26.38 

60.32 

50.34 

9.98 

22 

718.6 

1142.0 

0.01639 

0.17944 

1.2071 

-0.0002 

0.00145 

29.57 

25.23 

28.13 

68.60 

55.15 

13.46 

23 

747.3 

1191.7 

0.01748 

0.18738 

1.2090 

0.0017 

0.00164 

31.51 

26.42 

29.80 

76.97 

60.51 

16.45 

24 

775.8 

1236.6 

0.01857 

0.19501 

1.2101 

0.0028 

0.00184 

33.28 

27.48 

31.47 

85.84 

65.43 

20.41 

25 

804.3 

1277.0 

0.01966 

0.20111 

1.2102 

0.0029 

0.00205 

34.85 

28.38 

33.14 

95.19 

69.81 

25.37 

26 

832.6 

1313.6 

0.02074 

0.20691 

1.2102 

0.0029 

0.00226 

36.31 

29.19 

34.78 

104.86 

73.87 

31.00 

27 

860.8 

1347.7 

0.02185 

0.21240 

1.2108 

0.0035 

0.00248 

37.80 

29.99 

36.41 

114.92 

77.94 

36.99 

28 

888.8 

1375.7 

0.02296 

0.21698 

1.2119 

0.0045 

0.00271 

39.13 

30.68 

37.99 

125.06 

81.56 

43.51 

29 

916.8 

1399.5 

0.02406 

0.22125 

1.2136 

0.0063 

0.00294 

40.42 

31.31 

39.51 

135.31 

84.98 

50.33 

30 

945 

1420.4 

0.02517 

0.22308 

1.2151 

0.0077 

0.00317 

41.59 

31.88 

41.02 

145.80 

88.06 

57.74 

31 

973 

1433.9 

0.02628 

0.22491 

1.2179 

0.0105 

0.00340 

42.65 

32.36 

42.44 

156.10 

90.75 

65.35 

32 

1000.8 

1448.1 

0.02739 

0.22736 

1.2205 

0.0132 

0.00364 

43.76 

32.85 

43.83 

166.51 

93.54 

72.97 

33 

1028.7 

1456.8 

0.02848 

0.22949 

1.2231 

0.0158 

0.00387 

44.63 

33.23 

45.17 

176.85 

95.69 

81.17 

34 

1057 

1467.7 

0.02960 

0.23132 

1.2261 

0.0188 

0.00411 

45.72 

33.68 

46.49 

187.34 

98.32 

89.02 

35 

1085 

1476.4 

0.03071 

0.23193 

1 .2286 

0.0212 

0.00436 

46.61 

34.05 

47.81 

198.10 

100.48 

97.62 

36 

1112.9 

1472.2 

0.03181 

0.23193 

1.2334 

0.0261 

0.00460 

47.29 

34.29 

48.98 

207.95 

101.90 

106.05 

37 

1141.1 

1468.2 

0.03292 

0.23163 

1.2382 

0.0308 

0.00484 

47.99 

34.53 

50.12 

217.74 

103.36 

114.38 

38 

1169.4 

1451.9 

0.03402 

0.22858 

1.2440 

0.0367 

0.00509 

48.22 

34.57 

51.18 

227.02 

103.57 

123.45 

39 

1198.2 

1450.2 

0.03515 

0.22766 

1.2499 

0.0425 

0.00534 

49.32 

34.96 

52.22 

236.34 

105.90 

130.45 

40 

1227.2 

1437.4 

0.03625 

0.22644 

1.2561 

0.0488 

0.00559 

49.87 

35.10 

53.20 

245.28 

106.80 

138.48 

41 

1256.5 

1420.9 

0.03739 

0.22400 

1.2613 

0.0540 

0.00586 

49.97 

35.09 

54.24 

254.99 

106.70 

148.29 

42 

1286 

1400.3 

0.03853 

0.22003 

1.2694 

0.0621 

0.00612 

50.46 

35.19 

55.08 

262.97 

107.31 

155.66 

43 

1316 

1371.5 

0.03974 

0.21576 

1.2780 

0.0706 

0.00641 

50.53 

35.11 

55.96 

271.40 

106.87 

164.53 

44 

1346.4 

1330.7 

0.04098 

0.20935 

1.2892 

0.0818 

0.00671 

50.37 

34.93 

56.68 

278.42 

105.72 

172.70 

45 

1377.4 

1316.1 

0.04210 

0.20721 

1.2962 

0.0889 

0.00698 

51.02 

35.09 

57.45 

286.07 

106.71 

179.36 

46 

1408.6 

1282.5 

0.04320 

0.20264 

1.3052 

0.0979 

0.00725 

50.81 

34.90 

58.08 

292.33 

105.58 

186.75 

47 

1441.1 

1264.5 

0.04431 

0.19928 

1.3133 

0.1059 

0.00752 

51.49 

35.06 

58.72 

298.80 

106.51 

192.29 

48 

1473.7 

1243.9 

0.04544 

0.19531 

1.3213 

0.1140 

0.00780 

51.99 

35.14 

59.36 

305.35 

106.99 

198.36 

49 

1506.6 

1201.8 

0.04653 

0.18921 

1.3303 

0.1229 

0.00810 

51.01 

34.67 

59.90 

310.95 

104.19 

206.76 

50 

1541.1 

1185.5 

0.04766 

0.18677 

1.3380 

0.1306 

0.00838 

51.74 

34.84 

60.49 

317.13 

105.19 

211.94 

51 

1575.2 

1152.9 

0.04874 

0.18189 

1.3471 

0.1398 

0.00867 

51.52 

34.64 

60.93 

321.79 

104.02 

217.77 

52 

1610.5 

1114.7 

0.04992 

0.17578 

1.3584 

0.1511 

0.00899 

51.34 

34.44 

61.30 

325.66 

102.78 

222.89 

53 

1647.2 

1115.6 

0.05103 

0.17578 

1.3622 

0.1549 

0.00926 

52.51 

34.79 

62.04 

333.59 

104.91 

228.68 

54 

1683.7 

1084.6 

0.05214 

0.17090 

1.3708 

0.1635 

0.00957 

52.20 

34.57 

62.47 

338.20 

103.58 

234.62 

55 

1721.1 

1051.9 

0.05327 

0.16510 

1.3801 

0.1728 

0.00988 

51.88 

34.34 

62.83 

342.18 

102.18 

240.00 

56 

1758.9 

1008.3 

0.05435 

0.15869 

1.3909 

0.1836 

0.01021 

50.90 

33.85 

63.04 

344.38 

99.32 

245.06 

57 

1798.6 

988.5 

0.05543 

0.15564 

1.3987 

0.1914 

0.01051 

51.27 

33.87 

63.40 

348.34 

99.45 

248.90 

58 

1838.9 

957.8 

0.05652 

0.15198 

1.4079 

0.2006 

0.01083 

50.96 

33.64 

63.65 

351.12 

98.10 

253.03 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5086-FT-5 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

S236-H1 16 

Yield  (ksi) 

27.0 

Temperature(F) 

75.0 

Tensile  (ksi) 

46.0 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0  497 

Notch  Depth  (in) 

2.200 

Net  Thickness  (in) 

0497 

Gage  Length  (in) 

0.200 

Wictth  (in) 

4000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

2.200 

Precrack  Parameters 

Pmax  (Ibf) 

727.0 

Stress  Ratio 

0.1 

Final  a  (in) 

2.400 

Kmax  (ksi  sqrt  (in)) 

9.9 

Pf  (Ibf) 

1811 

Initial  measured  crack  lenaths  fin) 

2.362  2.387  2.401 

2.406 

2.405 

2.401  2.390  2.372 

2.343 

Final  measured  crack  lenaths  (in) 

2.510  2.552  2.633 

2.727 

2.784 

X 

2.690  2.574  2.522 

2.504 

Ave.  initial  crack  length  (in) 

2.389 

aoq  (in) 

2.389 

Ave.  final  crack  length  (in) 

2.624 

Compliance  Adj.  Factor 

0.991 

Delta  a  measured  (in) 

0234 

Effective  Modulus  (Msi) 

10.4 

Delta  a  predicted  (in) 

0.218 

Results 

Ja  (E1820)  201.0  lbf-in/inA2 

Kj>c(E’’JQ)A1/2  48.2  Ksi  sqrt(in) 


Qualification  of  Data 

7.4.2:  precrack  length 

valid 

9.1. 4.1;  precrack 

valid 

9.1. 4.2;  final  crack 

invalid 

9.1. 5.1;  Aa  meas 

valid 

9.1. 5.2;  Aa  pred 

valid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  tf  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9.8.2.1;  aoq-ao 

valid 

A9. 8.2.2;  #  of  pnts  for  Ja 

valid 

A9. 8.2.2;  *  of  pnts  <  Ja 

valid 

A9.3.3.1;  correlation 

valid 

Qualification  of  J->  as  J,.- 


A9.9.1;  thickness 

valid 

A9.9.2;  ligament 

valid 

A9.9.3;  slope 

valid 
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Index 

Time 

Sec 

Force 

ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

13 

466.3 

1883.2 

0.02421 

0.62164 

2.3904 

0.0013 

0.00140 

27.74 

25.65 

25.60 

56.80 

57.00 

-0.20 

14 

498.2 

2016.1 

0.02637 

0.66681 

2.3919 

0.0027 

0.00168 

30.11 

27.49 

28.01 

67.99 

65.51 

2.48 

15 

529.8 

2141.9 

0.02853 

0.70343 

2.3911 

0.0019 

0.00199 

32.34 

29.19 

30.41 

80.15 

73.82 

6.33 

16 

561.1 

2259.8 

0.03071 

0.74554 

2.3923 

0.0031 

0.00231 

34.59 

30.83 

32.75 

92.97 

82.37 

10.60 

17 

592.3 

2368.8 

0.03289 

0.78369 

2.3924 

0.0033 

0.00266 

36.70 

32.32 

35.07 

106.59 

90.53 

16.06 

18 

623.8 

2467.5 

0.03507 

0.81177 

2.3929 

0.0038 

0.00303 

38.69 

33.68 

37.34 

120.86 

98.33 

22.53 

19 

655 

2560.1 

0.03727 

0.84503 

2.3948 

0.0057 

0.00341 

40.71 

35.01 

39.56 

135.60 

106.24 

29.36 

20 

686.1 

2641.9 

0.03943 

0.87128 

2.3964 

0.0073 

0.00380 

42.54 

36.19 

41.70 

150.71 

113.50 

37.21 

21 

717.3 

2716.4 

0.04162 

0.89752 

2.3965 

0.0074 

0.00422 

44.18 

37.21 

43.85 

166.68 

120.01 

46.67 

22 

748.6 

2785.9 

0.04383 

0.91736 

2.3963 

0.0072 

0.00466 

45.73 

38.16 

45.99 

183.32 

126.19 

57.14 

23 

779.6 

2842.1 

0.04604 

0.94116 

2.3989 

0.0097 

0.00510 

47.20 

39.02 

48.03 

199.89 

131.97 

67.92 

24 

810.5 

2895.8 

0.04826 

0.95551 

2.4017 

0.0125 

0.00554 

48.67 

39.87 

50.02 

216.82 

137.77 

79.06 

25 

841.1 

2943.3 

0.05045 

0.97198 

2.4019 

0.0128 

0.00600 

49.84 

40.53 

52.00 

234.38 

142.40 

91.98 

26 

871.8 

2985.4 

0.05264 

0.98419 

2.4049 

0.0158 

0.00645 

51.13 

41.24 

53.87 

251.53 

147.37 

104.16 

27 

902.8 

3024.4 

0.05485 

0.99640 

2.4049 

0.0157 

0.00693 

52.11 

41.77 

55.81 

269.94 

151.23 

118.71 

28 

933.6 

3059.2 

0.05705 

1.00952 

2.4069 

0.0178 

0.00740 

53.18 

42.34 

57.64 

287.89 

155.35 

132.54 

29 

964.1 

3089.4 

0.05923 

1.02020 

2.4093 

0.0202 

0.00787 

54.18 

42.86 

59.40 

305.82 

159.19 

146.63 

30 

995.1 

3116.5 

0.06146 

1.03332 

2.4109 

0.0218 

0.00836 

55.05 

43.30 

61.19 

324.49 

162.50 

161.99 

31 

1025.9 

3138.9 

0.06365 

1.03882 

2.4119 

0.0228 

0.00885 

55.75 

43.66 

62.94 

343.31 

165.17 

178.15 

32 

1057 

3165.3 

0.06586 

1.04523 

2.4143 

0.0252 

0.00934 

56.70 

44.13 

64.62 

361.89 

168.75 

193.13 

33 

1087.7 

3187.6 

0.06804 

1.05194 

2.4150 

0.0259 

0.00983 

57.39 

44.47 

66.29 

380.89 

171.37 

209.52 

34 

1118.6 

3207.3 

0.07024 

1.06445 

2.4173 

0.0281 

0.01032 

58.17 

44.84 

67.92 

399.78 

174.27 

225.51 

35 

1149.4 

3219.8 

0.07245 

1.06415 

2.4205 

0.0314 

0.01082 

58.87 

45.16 

69.48 

418.37 

176.77 

241.60 

36 

1180.2 

3237.6 

0.07466 

1.07391 

2.4217 

0.0326 

0.01132 

59.51 

45.47 

71.08 

437.91 

179.17 

258.74 

37 

1211.1 

3248.3 

0.07684 

1.08093 

2.4230 

0.0338 

0.01182 

59.96 

45.68 

72.63 

457.17 

180.81 

276.36 

38 

1242 

3252.9 

0.07907 

1.07269 

2.4257 

0.0365 

0.01233 

60.39 

45.86 

74.14 

476.39 

182.29 

294.10 

39 

1273 

3267.8 

0.08127 

1.08307 

2.4271 

0.0380 

0.01284 

61.00 

46.14 

75.65 

495.97 

184.51 

311.46 

40 

1304 

3275.6 

0.08350 

1.08612 

2.4306 

0.0414 

0.01335 

61.62 

46.41 

77.08 

514.92 

186.66 

328.26 

41 

1334.9 

3286.4 

0.08571 

1.08490 

2.4307 

0.0416 

0.01387 

61.97 

46.57 

78.59 

535.25 

187.96 

347.29 

42 

1366 

3291.5 

0.08794 

1.09222 

2.4322 

0.0431 

0.01439 

62.30 

46.71 

80.04 

555.26 

189.10 

366.16 

43 

1397.1 

3297.1 

0.09015 

1.08734 

2.4341 

0.0450 

0.01491 

62.69 

46.88 

81.44 

574.85 

190.48 

384.37 

44 

1428.1 

3297.7 

0.09236 

1.08795 

2.4369 

0.0478 

0.01543 

63.04 

47.02 

82.79 

594.07 

191.62 

402.45 

45 

1459.2 

3291.6 

0.09457 

1.08643 

2.4404 

0.0512 

0.01595 

63.26 

47.10 

84.09 

612.79 

192.25 

420.54 

46 

1490.5 

3290.4 

0.09680 

1.08734 

2.4429 

0.0537 

0.01649 

63.52 

47.20 

85.42 

632.32 

193.07 

439.25 

47 

1522.1 

3294.2 

0.09902 

1.09192 

2.4452 

0.0560 

0.01701 

63.92 

47.36 

86.72 

651.71 

194.43 

457.28 

48 

1553.6 

3292.4 

0.10123 

1.09344 

2.4490 

0.0598 

0.01754 

64.33 

47.52 

87.94 

670.21 

195.70 

474.51 

49 

1585.1 

3284.3 

0.10346 

1.08398 

2.4524 

0.0633 

0.01808 

64.49 

47.57 

89.17 

689.11 

196.12 

493.00 

50 

1616.6 

3276.5 

0.10569 

1.08612 

2.4565 

0.0673 

0.01862 

64.75 

47.65 

90.35 

707.51 

196.81 

510.70 

51 

1648.4 

3277.9 

0.10794 

1.08337 

2.4584 

0.0692 

0.01916 

65.03 

47.77 

91.62 

727.45 

197.74 

529.71 

52 

1680.1 

3281.9 

0.11017 

1.08337 

2.4611 

0.0720 

0.01969 

65.52 

47.96 

92.82 

746.60 

199.34 

547.27 

53 

1712.2 

3280.5 

0.11240 

1.08307 

2.4651 

0.0760 

0.02023 

65.99 

48.13 

93.95 

764.92 

200.80 

564.12 

54 

1744.1 

3272.1 

0.11460 

1.08276 

2.4687 

0.0796 

0.02077 

66.18 

48.19 

95.07 

783.27 

201.26 

582.01 

55 

1776.1 

3265.8 

0.11681 

1.08215 

2.4735 

0.0844 

0.02131 

66.60 

48.33 

96.12 

800.74 

202.48 

598.26 

56 

1808.1 

3260.6 

0.11903 

1.08520 

2.4765 

0.0874 

0.02186 

66.82 

48.41 

97.25 

819.59 

203.09 

616.50 

57 

1840.5 

3246.8 

0.12126 

1.07056 

2.4819 

0.0927 

0.02242 

67.06 

48.47 

98.25 

836.68 

203.62 

633.06 

58 

1872.9 

3237.6 

0.12347 

1.07544 

2.4857 

0.0965 

0.02297 

67.26 

48.52 

99.31 

854.74 

204.07 

650.67 

59 

1905.2 

3226.2 

0.12571 

1.07117 

2.4901 

0.1009 

0.02353 

67.46 

48.58 

100.33 

872.47 

204.51 

667.96 

60 

1937.7 

3217.2 

0.12794 

1.06506 

2.4952 

0.1061 

0.02409 

67.85 

48.70 

101.30 

889.38 

205.55 

683.83 

61 

1970.5 

3213.4 

0.13016 

1.06506 

2.4990 

0.1099 

0.02464 

68.25 

48.84 

102.31 

907.24 

206.73 

700.51 

62 

2003.2 

3197.6 

0.13238 

1.05408 

2.5040 

0.1148 

0.02521 

68.38 

48.85 

103.26 

924.16 

206.86 

717.30 

63 

2036.1 

3182.8 

0.13461 

1.05072 

2.5072 

0.1180 

0.02579 

68.28 

48.79 

104.29 

942.58 

206.33 

736.25 

64 

2068.9 

3166.2 

0.13683 

1.04858 

2.5144 

0.1252 

0.02636 

68.71 

48.91 

105.10 

957.26 

207.33 

749.93 

65 

2102.4 

3161.0 

0.13907 

1.04553 

2.5178 

0.1286 

0.02693 

69.01 

49.01 

106.08 

975.30 

208.14 

767.16 

66 

2135.9 

3146.2 

0.14127 

1.04279 

2  5222 

0.1334 

0.02750 

69.15 

49.03 

106.97 

991.70 

208.32 

783.38 

67 

2169.6 

3130.8 

0.14348 

1.03394 

2.5284 

0.1393 

0.02808 

69.43 

49.09 

107.80 

1007.17 

208.89 

798.28 

68 

2203.4 

3118.0 

0.14569 

1.03455 

2.5332 

0.1441 

0.02866 

69.66 

49.15 

108.67 

1023.38 

209.34 

814.04 
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Index 

Time 

Sec 

Force 

Ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

69 

2237.2 

3103.9 

0.14789 

1.02875 

2.5358 

0.1467 

0.02923 

69.49 

49.06 

109.63 

1041.64 

208.61 

833.04 

70 

2271.2 

3088.7 

0.15012 

1.01990 

2.5427 

0.1535 

0.02982 

69.93 

49.18 

110.38 

1055.92 

209.65 

846.27 

71 

2305.2 

3067.2 

0.15229 

1.01990 

2.5467 

0.1576 

0.03041 

69.69 

49.06 

111.23 

1072.22 

208.58 

863.64 

72 

2339.4 

3053.4 

0.15452 

1.01135 

2.5519 

0.1628 

0.03100 

69.95 

49.12 

112.03 

1087.77 

209.07 

878.71 

73 

2373.9 

3030.1 

0.15677 

0.99731 

2.5582 

0.1691 

0.03161 

69.97 

49.08 

112.78 

1102.36 

208.74 

893.62 

74 

2408.7 

3017.9 

0.15900 

1.00342 

2.5630 

0.1739 

0.03221 

70.23 

49.14 

113.58 

1118.08 

209.27 

908.81 

75 

2443.6 

2998.4 

0.16124 

0.99426 

2.5682 

0.1791 

0.03282 

70.24 

49.10 

114.36 

1133.38 

208.96 

924.42 

76 

2478.6 

2987.5 

0.16347 

0.98724 

2.5729 

0.1838 

0.03342 

70.54 

49.18 

115.14 

1148.98 

209.61 

939.37 

77 

2513.9 

2979.7 

0.16572 

0.98084 

2.5773 

0.1881 

0.03401 

70.92 

49.29 

115.94 

1164.95 

210.55 

954.40 

78 

2549.1 

2962.5 

0.16793 

0.98145 

2.5818 

0.1926 

0.03462 

70.91 

49.25 

116.71 

1180.42 

210.22 

970.20 

79 

2584.4 

2949.8 

0.17013 

0.97229 

2.5881 

0.1990 

0.03522 

71.42 

49.39 

117.35 

1193.57 

211.42 

982.15 

80 

2620.2 

2933.5 

0.17234 

0.96863 

2.5931 

0.2040 

0.03583 

71.53 

49.39 

118.08 

1208.34 

211.44 

996.90 

81 

2655.9 

2909.2 

0.17455 

0.96039 

2.5987 

0.2095 

0.03646 

71.39 

49.29 

118.75 

1222.21 

210.59 

1011.62 

82 

2692.2 

2895.2 

0.17679 

0.95306 

2.6029 

0.2138 

0.03707 

71.48 

49.29 

119.51 

1237.82 

210.58 

1027.24 

83 

2728.7 

2885.0 

0.17899 

0.95062 

2.6080 

0.2189 

0.03768 

71.90 

49.41 

120.18 

1251.80 

211.54 

1040.26 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5383-FT-1 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5383-H1 16 

Yield  (ksi) 

35.4 

Temperature(F) 

75.0 

Tensile  (ksi) 

53.3 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0.487 

Notch  Depth  (in) 

1.100 

Net  Thickness  (in) 

0.487 

Gage  Length  (in) 

0.200 

Width  (in) 

2.000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

1.100 

Precrack  Parameters 

Pmax  (Ibf) 

303.0 

Stress  Ratio 

0.1 

Final  a  (in) 

1.200 

Kmax  (ksi  sqrt  (in)) 

6.0 

Pf  (Ibf) 

1060 

Initial  measured  crack  lenaths  (in) 

1.194  1.209  1.214 

1.210 

1.208 

1.205  1.198 

1.184 

1.171 

Final  measured  crack  lenaths  (in) 

1.303  1.349  1.482 

1.592 

1.630 

1  544  1.426 

1.332 

1.326 

X  X 

X 

X 

X 

X 

X 

Ave.  initial  crack  length  (in) 

1.201 

aoq  (in) 

n/a 

Ave.  final  crack  length  (in) 

1.459 

Compliance  Adj.  Factor 

1.003 

Delta  a  measured  (in) 

0.258 

Effective  Modulus  (Msi) 

10.5 

Delta  a  predicted  (in) 

0.204 

Results 

Ja  (El  820)  86.6  lbf-in/inA2 

Kjk^E”JQ)a1/2  31.6  ksi  sqrt(in) 


Qualification  of  Data 

Qualification  of  J^>  as  J,<- 

7.4.2:  precrack  length 

valid 

9.1. 4.1;  precrack 

valid 

A9.9.1;  thickness 

valid 

9.1. 4.2;  final  crack 

invalid 

A9.9.2;  ligament 

valid 

9.1. 5.1;  Aa  meas 

valid 

A9.9.3;  slope 

valid 

9.1. 5.2;  Aa  pred 

invalid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  #  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9.8.2.1;  ao„-a0  #VALUE! 

A9. 8.2.2;  #  of  pnts  for  JQ  valid 


A9. 8.2.2;  #  of  pnts  <  Ja  valid 

A9.3.3.1;  correlation  valid 
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Index 

Time 

Sec 

Force 

ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

6 

330.8 

476.7 

0.00582 

0.07477 

1.2014 

0.0000 

0.00009 

9.62 

9.48 

9.48 

7.79 

7.79 

0.01 

7 

371.7 

597.2 

0.00736 

0.09369 

1.2010 

-0.0004 

0.00017 

12.14 

11.87 

11.95 

12.39 

12.20 

0.18 

8 

410.7 

716.7 

0.00891 

0.11292 

1.2018 

0.0004 

0.00025 

14.74 

14.26 

14.41 

18.00 

17.63 

0.37 

9 

448.8 

831.9 

0.01046 

0.13092 

1.2026 

0.0012 

0.00036 

17.34 

16.58 

16.85 

24.60 

23.83 

0.77 

10 

486.3 

945.3 

0.01202 

0.14893 

1.2018 

0.0004 

0.00050 

19.92 

18.81 

19.31 

32.33 

30.67 

1.66 

11 

523.5 

1053.5 

0.01358 

0.16602 

1.2025 

0.0011 

0.00065 

22.56 

20.99 

21.74 

40.95 

38.19 

2.76 

12 

560.3 

1158.8 

0.01514 

0.18219 

1.2026 

0.0012 

0.00082 

25.21 

23.09 

24.14 

50.50 

46.22 

4.28 

13 

596.8 

1257.3 

0.01669 

0.19806 

1.2041 

0.0027 

0.00100 

27.90 

25.13 

26.48 

60.78 

54.74 

6.04 

14 

633.1 

1350.1 

0.01825 

0.21362 

1.2046 

0.0032 

0.00121 

30.51 

27.01 

28.83 

72.03 

63.25 

8.79 

15 

669 

1434.8 

0.01981 

0.22553 

1.2054 

0.0040 

0.00144 

33.03 

28.75 

31.15 

84.11 

71.65 

12.47 

16 

704.3 

1493.8 

0.02139 

0.23498 

1.2090 

0.0076 

0.00169 

35.17 

30.15 

33.36 

96.46 

78.79 

17.67 

17 

739.8 

1553.5 

0.02295 

0.24475 

1.2128 

0.0114 

0.00194 

37.49 

31.60 

35.49 

109.15 

86.51 

22.64 

18 

774.8 

1574.3 

0.02454 

0.24750 

1.2209 

0.0195 

0.00221 

39.12 

32.54 

37.44 

121.51 

91.76 

29.74 

19 

810.1 

1603.1 

0.02610 

0.25238 

1.2263 

0.0249 

0.00250 

40.82 

33.50 

39.39 

134.48 

97.28 

37.20 

20 

845.8 

1617.0 

0.02770 

0.25574 

1.2321 

0.0307 

0.00281 

42.12 

34.20 

41.30 

147.79 

101.35 

46.44 

21 

881.5 

1636.1 

0.02930 

0.25757 

1.2356 

0.0342 

0.00313 

43.34 

34.85 

43.24 

162.03 

105.24 

56.78 

22 

917.6 

1656.8 

0.03087 

0.26001 

1.2385 

0.0371 

0.00345 

44.59 

35.50 

45.10 

176.26 

109.22 

67.04 

23 

953.8 

1666.4 

0.03248 

0.26459 

1.2419 

0.0405 

0.00380 

45.52 

35.96 

46.92 

190.83 

112.08 

78.75 

24 

990 

1687.5 

0.03407 

0.26489 

1.2446 

0.0432 

0.00413 

46.85 

36.62 

48.71 

205.62 

116.24 

89.38 

25 

1026.1 

1682.3 

0.03566 

0.26489 

1.2480 

0.0466 

0.00449 

47.19 

36.77 

50.41 

220.20 

117.16 

103.03 

26 

1063 

1696.6 

0.03725 

0.26672 

1.2504 

0.0490 

0.00484 

48.24 

37.27 

52.10 

235.24 

120.38 

114.86 

27 

1099.2 

1698.2 

0.03884 

0.26733 

1.2536 

0.0522 

0.00519 

48.89 

37.55 

53.71 

249.98 

122.23 

127.75 

28 

1136.1 

1706.4 

0.04044 

0.26886 

1.2551 

0.0537 

0.00556 

49.54 

37.86 

55.36 

265.62 

124.21 

141.41 

29 

1172.7 

1708.2 

0.04204 

0.26855 

1.2576 

0.0562 

0.00593 

50.10 

38.10 

56.92 

280.82 

125.81 

155.01 

30 

1209.6 

1708.7 

0.04365 

0.26764 

1.2603 

0.0588 

0.00630 

50.64 

38.33 

58.44 

295.98 

127.32 

168.66 

31 

1246.6 

1704.1 

0.04527 

0.26917 

1.2628 

0.0614 

0.00669 

50.93 

38.44 

59.94 

311.41 

128.03 

183.38 

32 

1283.4 

1699.4 

0.04686 

0.26703 

1.2651 

0.0637 

0.00707 

51.15 

38.52 

61.38 

326.55 

128.56 

197.99 

33 

1320.6 

1698.3 

0.04845 

0.26581 

1.2671 

0.0657 

0.00745 

51.52 

38.66 

62.80 

341.77 

129.53 

212.24 

34 

1357.9 

1685.9 

0.05005 

0.26520 

1.2697 

0.0683 

0.00785 

51.43 

38.59 

64.16 

356.73 

129.09 

227.64 

35 

1395.4 

1678.0 

0.05163 

0.26459 

1.2721 

0.0707 

0.00824 

51.53 

38.61 

65.47 

371.51 

129.20 

242.30 

36 

1433.1 

1665.2 

0.05324 

0.26215 

1.2755 

0.0741 

0.00864 

51.58 

38.60 

66.72 

385.83 

129.13 

256.70 

37 

1470.9 

1654.2 

0.05483 

0.26032 

1.2792 

0.0778 

0.00903 

51.80 

38.66 

67.89 

399.50 

129.52 

269.97 

38 

1509 

1638.5 

0.05645 

0.25726 

1.2819 

0.0805 

0.00945 

51.57 

38.52 

69.12 

414.06 

128.61 

285.45 

39 

1546.9 

1615.0 

0.05804 

0.25513 

1.2840 

0.0826 

0.00987 

50.79 

38.14 

70.33 

428.72 

126.09 

302.62 

40 

1585.6 

1610.4 

0.05964 

0.25360 

1.2884 

0.0869 

0.01026 

51.47 

38.41 

71.36 

441.28 

127.85 

313.44 

41 

1624.5 

1598.8 

0.06122 

0.25146 

1.2917 

0.0903 

0.01066 

51.58 

38.42 

72.41 

454.44 

127.92 

326.52 

42 

1663.5 

1581.6 

0.06281 

0.24841 

1.2944 

0.0930 

0.01108 

51.23 

38.23 

73.50 

468.23 

126.68 

341.56 

43 

1702.7 

1566.8 

0.06441 

0.24597 

1.2982 

0.0968 

0.01150 

51.27 

38.21 

74.48 

480.78 

126.51 

354.27 

44 

1742.4 

1528.5 

0.06611 

0.24078 

1.3028 

0.1014 

0.01199 

50.18 

37.66 

75.47 

493.57 

122.90 

370.67 

45 

1782.5 

1518.3 

0.06768 

0.23834 

1.3065 

0.1051 

0.01239 

50.42 

37.73 

76.36 

505.37 

123.37 

382.00 

46 

1822.6 

1491.8 

0.06928 

0.23498 

1.3123 

0.1109 

0.01284 

50.20 

37.57 

77.12 

515.48 

122.30 

393.17 

47 

1863.1 

1457.2 

0.07084 

0.22888 

1.3188 

0.1174 

0.01329 

49.67 

37.25 

77.77 

524.12 

120.27 

403.85 

48 

1904.6 

1445.9 

0.07242 

0.22766 

1.3212 

0.1198 

0.01372 

49.56 

37.17 

78.70 

536.74 

119.75 

416.99 

49 

1946.2 

1414.8 

0.07405 

0.22400 

1.3279 

0.1265 

0.01419 

49.23 

36.95 

79.31 

545.19 

118.32 

426.87 

50 

1988.5 

1395.1 

0.07562 

0.22034 

1.3329 

0.1314 

0.01463 

49.18 

36.87 

80.00 

554.60 

117.81 

436.79 

51 

2031.4 

1373.0 

0.07729 

0.21607 

1.3377 

0.1363 

0.01510 

48.95 

36.71 

80.73 

564.79 

116.80 

447.98 

52 

2074.7 

1351.2 

0.07889 

0.21271 

1.3437 

0.1423 

0.01556 

48.96 

36.65 

81.31 

572.91 

116.42 

456.49 

53 

2118.6 

1325.7 

0.08048 

0.20843 

1.3486 

0.1472 

0.01603 

48.53 

36.40 

81.94 

581.83 

114.81 

467.01 

54 

2163.2 

1312.6 

0.08205 

0.20660 

1.3527 

0.1513 

0.01647 

48.63 

36.40 

82.60 

591.33 

114.82 

476.51 

55 

2208.1 

1297.0 

0.08362 

0.20416 

1.3580 

0.1566 

0.01692 

48.85 

36.44 

83.15 

599.18 

115.08 

484.10 

56 

2253.7 

1275.9 

0.08525 

0.20294 

1.3626 

0.1612 

0.01740 

48.57 

36.26 

83.78 

608.27 

113.95 

494.32 

57 

2299.7 

1258.6 

0.08685 

0.19928 

1.3672 

0.1658 

0.01787 

48.52 

36.18 

84.36 

616.81 

113.47 

503.33 

58 

2346.2 

1237.9 

0.08842 

0.19562 

1.3721 

0.1707 

0.01834 

48.32 

36.04 

84.88 

624.43 

112.56 

511.87 

59 

2393.4 

1217.0 

0.08998 

0.19287 

1.3764 

0.1750 

0.01882 

47.95 

35.82 

85.44 

632.64 

111.20 

521.44 

60 

2441.4 

1200.9 

0.09161 

0.18982 

1.3810 

0.1796 

0.01930 

47.95 

35.77 

85.97 

640.60 

110.88 

529.72 

61 

2489.9 

1184.4 

0.09323 

0.18677 

1.3854 

0.1840 

0.01979 

47.87 

35.68 

86.52 

648.74 

110.35 

538.39 

62 

2538.9 

1152.2 

0.09485 

0.18280 

1.3912 

0.1898 

0.02033 

47.05 

35.24 

86.92 

654.78 

107.64 

547.14 

63 

2588.7 

1137.7 

0.09644 

0.18097 

1.3962 

0.1948 

0.02080 

47.22 

35.26 

87.34 

661.15 

107.77 

553.38 

64 

2639.2 

1113.1 

0.09810 

0.17731 

1.4016 

0.2002 

0.02134 

46.78 

35.00 

87.76 

667.46 

106.16 

561.29 

65 

2690.9 

1099.6 

0.09970 

0.17425 

1.4050 

0.2036 

0.02183 

46.63 

34.89 

88.31 

675.86 

105.50 

570.36 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5383-FT-2 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5383-H1 16 

Yield  (ksi) 

35.4 

Temperature(F) 

75. C 

Tensile  (ksi) 

53.3 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0  487 

Notch  Depth  (in) 

1.100 

Net  Thickness  (in) 

0  487 

Gage  Length  (in) 

0.200 

Width  (in) 

2.000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

1.100 

Precrack  Parameters 

Pmax  (Ibf) 

302.0 

Stress  Ratio 

0.1 

Final  a  (in) 

1.200 

Kmax  (ksi  sqrt  (in)) 

6.0 

Pf  (Ibf) 

1057 

Initial  measured  crack  lenaths  (in) 

1.197  1.211 

1.215 

1.212 

1208 

1  205  1.199 

1.186 

1.172 

Final  measured  crack  lenaths  (in) 

1.301  1.371 

1.500 

1.629 

1.652 

1.558  1.408 

1.320 

1.291 

X  X 

X 

X 

X 

X 

X 

Ave.  initial  crack  length  (in) 

1.202 

aoq  (in) 

n/a 

Ave.  final  crack  length  (in) 

1.467 

Compliance  Adj.  Factor 

1.009 

Delta  a  measured  (in) 

0.264 

Effective  Modulus  (Msi) 

10.6 

Delta  a  predicted  (in) 

0.206 

Results 

Ja (El  820) 

86.1  lbf-in/mA2 

Kjic(E’’JQ)a1.|,2 

31 .5  ksi  sqrt(in) 

Qualification  of  Data 

Qualification  of  Jr,  as  J„- 

7.4.2:  precrack  length 

valid 

9.1. 4.1:  precrack 

valid 

A9.9.1;  thickness 

valid 

9.1. 4.2:  final  crack 

invalid 

A9.9.2;  ligament 

valid 

9.1. 5.1:  Aa  meas 

invalid 

A9.9.3;  slope 

valid 

9. 1.5.2:  Aa  pred 

invalid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  #  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9.8.2.1;  ao„-aD  #VALUE! 

A9. 8.2.2;  ft  of  pnts  for  Ja 

valid 

A9. 8.2.2;  #  of  pnts  <  JQ 

valid 

A9.3.3.1;  correlation 

valid 
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Index 

Time 

Sec 

Force 

Ibf 

Displ 

inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(ln) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

Jpl 

Ibf/in 

8 

417.2 

477.1 

0.00571 

0.07568 

1.2027 

0.0000 

0.00007 

9.64 

9.50 

9.51 

7.84 

7.83 

0.02 

9 

457.8 

598.3 

0.00725 

0.09491 

1.2025 

-0.0003 

0.00014 

12.19 

11.91 

11.99 

12.47 

12.30 

0.17 

10 

496.6 

716.1 

0.00878 

0.11353 

1.2024 

-0.0003 

0.00024 

14.73 

14.26 

14.44 

18.07 

17.61 

0.46 

11 

534.5 

834.2 

0.01034 

0.13184 

1.2023 

-0.0005 

0.00035 

17.36 

16.60 

16.92 

24.82 

23.89 

0.93 

12 

571.8 

948.8 

0.01190 

0.15045 

1.2029 

0.0002 

0.00048 

20.04 

18.91 

19.37 

32.53 

30.98 

1.55 

13 

609 

1059.1 

0.01347 

0.16754 

1.2026 

-0.0001 

0.00063 

22.68 

21.09 

21.83 

41.30 

38.56 

2.74 

14 

645.8 

1165.0 

0.01502 

0.18402 

1.2032 

0.0005 

0.00080 

25.38 

23.23 

24.23 

50.87 

46.77 

4.11 

15 

682.3 

1266.5 

0.01659 

0.20019 

1.2024 

-0.0003 

0.00100 

28.00 

25.21 

26.66 

61.61 

55.09 

6.53 

16 

718.6 

1361.5 

0.01814 

0.21454 

1.2044 

0.0017 

0.00120 

30.78 

27.21 

28.98 

72.79 

64.17 

8.62 

17 

754.5 

1444.4 

0.01970 

0.22797 

1.2050 

0.0022 

0.00143 

33.24 

28.90 

31.31 

84.95 

72.38 

12.57 

18 

790.1 

1509.1 

0.02127 

0.23773 

1.2084 

0.0057 

0.00167 

35.55 

30.40 

33.53 

97.44 

80.10 

17.34 

19 

825.8 

1569.5 

0.02286 

0.24750 

1.2116 

0.0089 

0.00193 

37.83 

31.82 

35.72 

110.60 

87.75 

22.85 

20 

860.5 

1582.6 

0.02448 

0.24841 

1.2195 

0.0168 

0.00223 

39.19 

32.60 

37.74 

123.43 

92.08 

31.35 

21 

896.1 

1608.3 

0.02620 

0.25391 

1.2264 

0.0237 

0.00254 

40.97 

33.59 

39.84 

137.56 

97.78 

39.77 

22 

932.1 

1646.0 

0.02782 

0.26062 

1.2296 

0.0268 

0.00284 

42.79 

34.60 

41.87 

151.90 

103.75 

48.16 

23 

967.6 

1657.9 

0.02943 

0.26092 

1.2341 

0.0314 

0.00317 

43.92 

35.18 

43.77 

166.06 

107.25 

58.80 

24 

1003.3 

1665.8 

0.03104 

0.26215 

1.2393 

0.0366 

0.00350 

45.01 

35.72 

45.59 

180.12 

110.60 

69.52 

25 

1039.5 

1673.1 

0.03265 

0.26550 

1.2429 

0.0402 

0.00385 

45.89 

36.15 

47.40 

194.74 

113.28 

81.46 

26 

1075.6 

1683.8 

0.03426 

0.26520 

1.2460 

0.0432 

0.00419 

46.84 

36.61 

49.18 

209.58 

116.18 

93.39 

27 

1112.1 

1691.6 

0.03587 

0.26611 

1.2485 

0.0458 

0.00455 

47.61 

36.98 

50.93 

224.78 

118.51 

106.28 

28 

1148.6 

1701.1 

0.03748 

0.26733 

1.2508 

0.0481 

0.00491 

48.44 

37.37 

52.63 

240.07 

121.03 

119.04 

29 

1185.2 

1707.0 

0.03909 

0.26978 

1.2531 

0.0504 

0.00527 

49.13 

37.68 

54.29 

255.40 

123.07 

132.33 

30 

1222.1 

1710.2 

0.04070 

0.27039 

1.2548 

0.0521 

0.00565 

49.59 

37.89 

55.94 

271.17 

124.42 

146.75 

31 

1258.7 

1708.8 

0.04229 

0.26886 

1.2587 

0.0559 

0.00601 

50.25 

38.17 

57.41 

285.62 

126.25 

159.37 

32 

1295.6 

1705.8 

0.04392 

0.26855 

1.2605 

0.0578 

0.00640 

50.46 

38.25 

58.98 

301.46 

126.77 

174.69 

33 

1332.9 

1711.6 

0.04552 

0.27039 

1.2620 

0.0593 

0.00677 

51.05 

38.51 

60.50 

317.21 

128.50 

188.71 

34 

1370.1 

1709.0 

0.04715 

0.26855 

1.2650 

0.0623 

0.00715 

51.52 

38.69 

61.93 

332.37 

129.75 

202.62 

35 

1407.5 

1705.0 

0.04877 

0.26886 

1.2675 

0.0648 

0.00754 

51.83 

38.81 

63.34 

347.71 

130.53 

217.18 

36 

1445.1 

1695.6 

0.05043 

0.27008 

1.2687 

0.0660 

0.00796 

51.62 

38.70 

64.83 

364.24 

129.79 

234.46 

37 

1482.6 

1685.2 

0.05201 

0.26611 

1.2726 

0.0699 

0.00834 

51.91 

38.79 

66.03 

377.91 

130.40 

247.51 

38 

1519.7 

1667.8 

0.05359 

0.26337 

1.2755 

0.0728 

0.00874 

51.62 

38.63 

67.29 

392.37 

129.31 

263.06 

39 

1557.7 

1654.2 

0.05520 

0.26001 

1.2788 

0.0761 

0.00914 

51.63 

38.59 

68.48 

406.45 

129.08 

277.38 

40 

1595.7 

1639.3 

0.05679 

0.25757 

1.2810 

0.0783 

0.00955 

51.31 

38.43 

69.71 

421.19 

127.97 

293.22 

41 

1634.1 

1628.3 

0.05838 

0.25574 

1.2846 

0.0818 

0.00995 

51.50 

38.47 

70.81 

434.53 

128.28 

306.26 

42 

1672.6 

1607.7 

0.05996 

0.25421 

1.2887 

0.0860 

0.01036 

51.30 

38.33 

71.84 

447.24 

127.35 

319.89 

43 

1711.6 

1595.0 

0.06157 

0.25024 

1.2921 

0.0894 

0.01077 

51.36 

38.32 

72.90 

460.56 

127.28 

333.28 

44 

1751 

1574.6 

0.06320 

0.24811 

1.2955 

0.0928 

0.01121 

51.00 

38.12 

73.96 

474.05 

125.96 

348.09 

45 

1790.6 

1543.6 

0.06487 

0.24414 

1.3012 

0.0984 

0.01167 

50.54 

37.85 

74.85 

485.59 

124.18 

361.41 

46 

1830.9 

1533.5 

0.06645 

0.24200 

1.3054 

0.1026 

0.01207 

50.90 

37.97 

75.75 

497.29 

124.93 

372.35 

47 

1871.1 

1514.4 

0.06804 

0.23895 

1.3089 

0.1062 

0.01250 

50.62 

37.80 

76.68 

509.57 

123.84 

385.72 

48 

1912 

1491.7 

0.06968 

0.23438 

1.3131 

0.1104 

0.01295 

50.26 

37.59 

77.57 

521.53 

122.48 

399.05 

49 

1953.1 

1472.0 

0.07129 

0.23163 

1.3173 

0.1146 

0.01339 

50.08 

37.46 

78.41 

532.81 

121.64 

411.16 

50 

1994.5 

1461.6 

0.07287 

0.23041 

1.3210 

0.1183 

0.01381 

50.29 

37.52 

79.25 

544.26 

121.99 

422.27 

51 

2036.1 

1442.6 

0.07448 

0.22827 

1.3254 

0.1227 

0.01425 

50.17 

37.42 

80.02 

554.98 

121.32 

433.66 

52 

2078.1 

1407.2 

0.07616 

0.22247 

1.3309 

0.1282 

0.01476 

49.35 

36.98 

80.74 

564.96 

118.51 

446.45 

53 

2120.9 

1389.8 

0.07773 

0.21942 

1.3348 

0.1321 

0.01520 

49.20 

36.86 

81.47 

575.30 

117.78 

457.52 

54 

2164.1 

1364.1 

0.07934 

0.21515 

1.3406 

0.1379 

0.01567 

48.95 

36.69 

82.07 

583.74 

116.67 

467.08 

55 

2207.9 

1342.6 

0.08095 

0.21210 

1.3458 

0.1431 

0.01613 

48.81 

36.56 

82.69 

592.64 

115.87 

476.77 

56 

2252.4 

1325.8 

0.08256 

0.20966 

1.3500 

0.1473 

0.01659 

48.74 

36.49 

83.37 

602.32 

115.37 

486.95 

57 

2296.9 

1298.4 

0.08416 

0.20538 

1.3561 

0.1534 

0.01707 

48.41 

36.27 

83.86 

609.42 

114.01 

495.41 

58 

2342.4 

1267.2 

0.08574 

0.20111 

1.3620 

0.1593 

0.01757 

47.80 

35.92 

84.34 

616.43 

111.83 

504.60 

59 

2388.9 

1253.4 

0.08732 

0.19897 

1.3662 

0.1635 

0.01802 

47.87 

35.91 

84.92 

625.06 

111.74 

513.32 

60 

2435.4 

1235.5 

0.08892 

0.19653 

1.3702 

0.1675 

0.01850 

47.63 

35.75 

85.53 

634.00 

110.78 

523.22 

61 

2482.4 

1216.4 

0.09048 

0.19226 

1.3753 

0.1726 

0.01897 

47.55 

35.66 

86.00 

640.97 

110.22 

530.75 

62 

2530.1 

1181.5 

0.09215 

0.18829 

1.3827 

0.1800 

0.01952 

46.96 

35.30 

86.31 

645.56 

108.02 

537.54 

63 

2578.6 

1151.4 

0.09370 

0.18280 

1.3900 

0.1873 

0.02002 

46.61 

35.06 

86.54 

649.03 

106.55 

542.47 

64 

2628.4 

1135.1 

0.09528 

0.18005 

1.3953 

0.1926 

0.02050 

46.71 

35.05 

86.94 

655.05 

106.47 

548.58 

65 

2678.4 

1110.7 

0.09687 

0.17731 

1.4010 

0.1983 

0.02101 

46.36 

34.82 

87.28 

660.28 

105.10 

555.19 

66 

2729.4 

1079.1 

0.09844 

0.17273 

1.4087 

0.2060 

0.02155 

45.93 

34.54 

87.43 

662.45 

103.38 

559.07 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5383-FT-3 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5383-H116 

Yield  (ksi) 

35.4 

Temperature(F) 

75.0 

Tensile  (ksi) 

53.3 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Specimen  Dimensions 

Thickness  (in) 

0  484 

Notch  Depth  (in) 

1.100 

Net  Thickness  (in) 

0.377 

Gage  Length  (in) 

0.200 

Width  (in) 

2000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

1.100 

Precrack  Parameters 

Pmax  (Ibf) 

300.9 

Stress  Ratio 

0.1 

Final  a  (in) 

1.200 

Kmax  (ksi  sqrt  (in)) 

6.1 

Pf  (Ibf) 

1044 

Initial  measured  crack  lenaths  (in) 

1.196  1.202  1.205 

1.204 

1.204 

1.206  1.208 

1.205 

1.204 

Final  measured  crack  lenaths  (in) 

1.388  1.407  1.414 

1.414 

1.426 

1  420  1.419 

1.410 

1.391 

Ave.  initial  crack  length  (in) 

1.204 

aoq  (in) 

1.205 

Ave.  final  crack  length  (in) 

1.413 

Compliance  Adj.  Factor 

1.027 

Delta  a  measured  (in) 

0.208 

Effective  Modulus  (Msi) 

10.8 

Delta  a  predicted  (in) 

0.202 

Results 

Ja  (El  820)  90.3  lbf-in/inA2 

Kj,c<E'\JQ)a1/2  32.3  ksi  sqrt(in) 


Qualification  of  Data 

Qualification  of  Jo  as  J„- 

7.4.2:  precrack  length 

valid 

9.1. 4.1;  precrack 

valid 

A9.9.1;  thickness 

valid 

9.1. 4.2:  final  crack 

valid 

A9.9.2;  ligament 

valid 

9. 1.5.1;  Aa  meas 

valid 

A9.9.3;  slope 

valid 

9.1. 5.2;  Aa  pred 

valid 

A9.6.4;  #  of  pnts  in  reg.A 

valid 

A9.6.4;  #  of  pnts  in  reg.B 

valid 

A9.8.1;  Cj<1 

valid 

A9. 8.2.1;  aoq-a;,  valid 

A9.8.2.2;#of  pntsforJa  invalid 


A9. 8.2.2;  #  of  pnts  <  Ja  valid 

A9.3.3.1;  correlation  valid 
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Index  Time  Force  Displ  Disp2  Crack  Aa  CTOD  K561 


K1820  KJ1820  J1820  Je  Jpl 


Sec 

Ibf 

inch 

inch 

inch 

inch 

inch 

ksi  sqr(in) 

ksi  sqr(in) 

ksi  sqr(in) 

Ibf/in 

Ibf/in 

Ibf/in 

4 

173.2 

302.6 

0.00378 

0.04883 

1.2045 

-0.0005 

0.00003 

6.96 

6.90 

6.91 

4.14 

4.13 

0.01 

5 

279.4 

423.1 

0.00534 

0.06744 

1.2038 

-0.0012 

0.00009 

9.79 

9.64 

9.67 

8.11 

8.06 

0.05 

6 

314.3 

538.2 

0.00687 

0.08575 

1.2040 

-0.0010 

0.00017 

12.57 

12.27 

12.36 

13.24 

13.04 

0.19 

7 

347.8 

651.3 

0.00841 

0.10376 

1.2035 

-0.0016 

0.00027 

15.37 

14.83 

15.06 

19.67 

19.06 

0.61 

8 

380.8 

761.9 

0.00996 

0.12116 

1.2040 

-0.0010 

0.00040 

18.24 

17.37 

17.74 

27.28 

26.14 

1.13 

9 

413.6 

869.3 

0.01150 

0.13916 

1.2031 

-0.0020 

0.00055 

21.08 

19.78 

20.44 

36.20 

33.91 

2.29 

10 

445.8 

974.9 

0.01306 

0.15442 

1.2041 

-0.0009 

0.00072 

24.11 

22.23 

23.09 

46.20 

42.82 

3.38 

11 

477.8 

1074.2 

0.01462 

0.17029 

1.2040 

-0.0010 

0.00091 

27.04 

24.49 

25.76 

57.49 

51.97 

5.52 

12 

509.3 

1165.8 

0.01618 

0.18616 

1.2054 

0.0004 

0.00112 

29.99 

26.65 

28.34 

69.60 

61.54 

8.05 

13 

540.6 

1246.2 

0.01774 

0.19775 

1.2085 

0.0035 

0.00134 

32.92 

28.66 

30.86 

82.54 

71.20 

11.33 

14 

571.1 

1288.9 

0.01931 

0.20386 

1.2185 

0.0135 

0.00158 

35.39 

30.24 

33.13 

95.10 

79.27 

15.82 

15 

601.8 

1307.4 

0.02089 

0.20630 

1.2341 

0.0291 

0.00181 

37.81 

31.67 

35.13 

106.97 

86.91 

20.06 

16 

631.3 

1248.3 

0.02243 

0.19775 

1.2628 

0.0578 

0.00204 

38.87 

32.11 

36.51 

115.53 

89.38 

26.15 

17 

663.5 

1226.8 

0.02399 

0.19470 

1.2845 

0.0794 

0.00227 

40.84 

33.09 

38.02 

125.28 

94.88 

30.40 

18 

696.1 

1158.3 

0.02554 

0.18372 

1.3130 

0.1080 

0.00252 

41.69 

33.33 

39.14 

132.74 

96.27 

36.47 

19 

730.8 

1103.4 

0.02709 

0.17487 

1.3374 

0.1324 

0.00279 

42.64 

33.62 

40.27 

140.57 

97.98 

42.58 

20 

766.3 

995.5 

0.02868 

0.15808 

1.3770 

0.1720 

0.00303 

43.07 

33.48 

40.64 

143.16 

97.12 

46.04 

21 

806 

911.6 

0.03024 

0.14587 

1.4063 

0.2013 

0.00334 

42.90 

33.10 

41.27 

147.65 

94.98 

52.67 
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Elastic-Plastic  Fracture  Toughness  Analysis 


Specimen  ID 

5383-FT-5 

Geometry 

C(T) 

Contract 

SSC  10624-01 

Orientation 

T-L 

Material 

5383-H116 

Yield  (ksi) 

35.4 

Temperature(F) 

75.0 

Tensile  (ksi) 

53.3 

Environment 

LAB  AIR 

Modulus  (Msi) 

10.5 

Soecimen  Dimensions 

Thickness  (in) 

0485 

Notch  Depth  (in) 

2.200 

Net  Thickness  (in) 

0485 

Gage  Length  (in) 

0.200 

Width  (in) 

4000 

Alpha  Ratio 

1 

Pin  Spacing  (in) 

2.200 

Precrack  Parameters 

Pmax  (Ibf) 

710.2 

Stress  Ratio 

0.1 

Final  a  (in) 

2.400 

Kinax  (ksi  sqrt  (in)) 

9.9 

Pf  (Ibf) 

2148 

Initial  measured  crack  lenaths  (in) 

2.338  2.370 

2.387 

2.398 

2.402 

2.407  2.405  2.394 

2.375 

Final  measured  crack  lenaths  (in) 

2.475  2.495 

X 

2.587 

2.729 

2.825 

X 

2.713  2.579  2.526 

2.503 

Ave.  initial  crack  length  (in) 

2.390 

aoq  (in) 

2.394 

Ave.  final  crack  length  (in) 

2.618 

Compliance  Adj.  Factor 

0.975 

Delta  a  measured  (in) 

0.228 

Effective  Modulus  (Msi) 

10.2 

Delta  a  predicted  (in) 

0.211 

Results 

Ja (El  820) 

99.9  lbf-in/inA2 

K^E-JQritf 

34.0  ksi  sqrt(in) 

Qualification  of  Data 

Qualification  of  Jn  as  J,^ 

7.4.2:  precrack  length 

valid 

9.1. 4.1;  precrack 

valid 

A9.9.1;  thickness  valid 

9.1. 4.2;  final  crack 

invalid 

A9.9.2;  ligament  valid 

9.1. 5.1;  Aa  meas 

valid 

A9.9.3;  slope  valid 

9.1. 5.2;  Aa  pred  valid 

A9.6.4;  #  of  pnts  in  reg.A  valid 

A9.6.4;  #  of  pnts  in  reg.B  valid 

A9.8.1;  Cj<1  valid 

A9. 8.2.1;  a0c  a;,  valid 

A9. 8.2.2;  #  of  pnts  for  Ja  valid 

A9. 8.2.2;  #  of  pnts  <  Ja  invalid 

A9.3.3.1;  correlation  valid 
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Index 

Time 

Sec 

Force 

Ibf 

Displ 

Inch 

Disp2 

inch 

Crack 

inch 

Aa 

inch 

CTOD 

inch 

K561 

ksi  sqr(in) 

K1820 

ksi  sqr(in) 

KJ1820 

ksi  sqr(in) 

J1820 

Ibf/in 

Je 

Ibf/in 

jpi 

Ibf/in 

18 

637.1 

2303.0 

0.03057 

0.75714 

2.3911 

-0.0026 

0.00164 

34.94 

32.13 

32.08 

89.19 

89.46 

-0.27 

19 

669.1 

2418.5 

0.03275 

0.79742 

2.3943 

0.0006 

0.00192 

37.16 

33.85 

34.46 

102.89 

99.28 

3.61 

20 

701.1 

2518.9 

0.03490 

0.82825 

2.3993 

0.0056 

0.00221 

39.27 

35.42 

36.72 

116.86 

108.75 

8.11 

21 

733.1 

2608.8 

0.03709 

0.86243 

2.4047 

0.0110 

0.00252 

41.28 

36.88 

38.98 

131.66 

117.89 

13.76 

22 

765.1 

2694.6 

0.03925 

0.89172 

2.4091 

0.0154 

0.00285 

43.22 

38.26 

41.16 

146.85 

126.86 

20.00 

23 

797.6 

2779.5 

0.04143 

0.92651 

2.4121 

0.0184 

0.00319 

45.13 

39.58 

43.36 

162.94 

135.79 

27.15 

24 

830 

2864.1 

0.04358 

0.94604 

2.4143 

0.0206 

0.00354 

47.04 

40.88 

45.51 

179.52 

144.81 

34.70 

25 

862.3 

2936.1 

0.04578 

0.96985 

2.4171 

0.0235 

0.00392 

48.78 

42.02 

47.65 

196.75 

153.04 

43.71 

26 

894.6 

3003.2 

0.04794 

0.98908 

2.4211 

0.0274 

0.00429 

50.55 

43.15 

49.68 

213.93 

161.37 

52.56 

27 

926.8 

3073.1 

0.05013 

1.01349 

2.4234 

0.0297 

0.00469 

52.31 

44.26 

51.76 

232.17 

169.75 

62.42 

28 

959 

3135.5 

0.05231 

1.03882 

2.4246 

0.0310 

0.00510 

53.87 

45.21 

53.81 

250.95 

177.16 

73.78 

29 

991.3 

3193.5 

0.05449 

1.05621 

2.4278 

0.0341 

0.00550 

55.51 

46.19 

55.78 

269.61 

184.93 

84.68 

30 

1023.6 

3244.5 

0.05666 

1.07269 

2.4294 

0.0357 

0.00592 

56.89 

47.00 

57.74 

288.97 

191.49 

97.48 

31 

1056 

3291.0 

0.05884 

1.08765 

2.4330 

0.0393 

0.00635 

58.38 

47.85 

59.63 

308.20 

198.44 

109.76 

32 

1088.5 

3330.1 

0.06104 

1.10413 

2.4353 

0.0416 

0.00679 

59.59 

48.53 

61.54 

328.26 

204.13 

124.13 

33 

1120.9 

3365.9 

0.06321 

1.11115 

2.4397 

0.0460 

0.00723 

60.95 

49.27 

63.33 

347.61 

210.40 

137.21 

34 

1153.2 

3391.0 

0.06540 

1.12610 

2.4434 

0.0497 

0.00768 

62.00 

49.82 

65.13 

367.62 

215.15 

152.46 

35 

1185.6 

3395.2 

0.06763 

1.12457 

2.4470 

0.0533 

0.00818 

62.48 

50.07 

66.93 

388.21 

217.27 

170.94 

36 

1218.2 

3421.0 

0.06982 

1.12976 

2.4526 

0.0590 

0.00863 

63.79 

50.74 

68.58 

407.64 

223.12 

184.52 

37 

1250.6 

3427.4 

0.07200 

1.13892 

2.4585 

0.0648 

0.00909 

64.61 

51.14 

70.19 

426.96 

226.65 

200.32 

38 

1283.4 

3439.8 

0.07423 

1.13739 

2.4641 

0.0705 

0.00957 

65.60 

51.62 

71.81 

446.97 

230.93 

216.04 

39 

1316.2 

3447.3 

0.07645 

1.14563 

2.4689 

0.0753 

0.01006 

66.37 

51.99 

73.43 

467.25 

234.23 

233.02 

40 

1349.2 

3438.9 

0.07867 

1.13647 

2.4766 

0.0830 

0.01055 

67.03 

52.27 

74.91 

486.37 

236.82 

249.55 

41 

1382.6 

3437.8 

0.08094 

1.14319 

2.4832 

0.0895 

0.01106 

67.79 

52.61 

76.43 

506.31 

239.91 

266.41 

42 

1415.9 

3437.6 

0.08315 

1.13800 

2.4899 

0.0963 

0.01155 

68.63 

52.98 

77.87 

525.51 

243.30 

282.21 

43 

1449.5 

3433.2 

0.08534 

1.13983 

2.4950 

0.1013 

0.01205 

69.12 

53.19 

79.33 

545.45 

245.23 

300.22 

44 

1483.1 

3425.9 

0.08755 

1.14105 

2.5019 

0.1082 

0.01256 

69.78 

53.47 

80.71 

564.50 

247.76 

316.74 

45 

1517 

3406.5 

0.08978 

1.13159 

2.5086 

0.1149 

0.01309 

70.04 

53.54 

82.08 

583.84 

248.46 

335.38 

46 

1551 

3380.1 

0.09194 

1.11633 

2.5187 

0.1250 

0.01359 

70.52 

53.70 

83.24 

600.44 

249.93 

350.51 

47 

1585.6 

3365.8 

0.0941 1 

1.11389 

2.5267 

0.1331 

0.01409 

71.14 

53.94 

84.44 

617.99 

252.12 

365.87 

48 

1620.5 

3342.6 

0.09631 

1.10779 

2.5352 

0.1415 

0.01462 

71.52 

54.05 

85.63 

635.53 

253.22 

382.30 

49 

1655.6 

3326.0 

0.09851 

1.10413 

2.5419 

0.1482 

0.01515 

71.89 

54.18 

86.87 

654.04 

254.37 

399.67 

50 

1690.9 

3304.4 

0.10072 

1.09406 

2.5490 

0.1554 

0.01569 

72.16 

54.25 

88.07 

672.18 

255.03 

417.15 

51 

1726.1 

3264.0 

0.10290 

1.08246 

2.5610 

0.1674 

0.01623 

72.46 

54.29 

89.02 

686.75 

255.46 

431.28 

52 

1762.1 

3233.3 

0.10513 

1.07056 

2.5695 

0.1759 

0.01679 

72.59 

54.29 

90.12 

703.82 

255.43 

448.39 

53 

1798.5 

3220.7 

0.10734 

1.06415 

2.5767 

0.1830 

0.01732 

73.20 

54.51 

91.23 

721.29 

257.50 

463.79 

54 

1834.6 

3183.1 

0.10953 

1.05072 

2.5859 

0.1922 

0.01789 

73.18 

54.43 

92.22 

737.12 

256.72 

480.40 

55 

1871.5 

3158.0 

0.11175 

1.04706 

2.5937 

0.2000 

0.01845 

73.42 

54.47 

93.27 

753.92 

257.17 

496.75 

56 

1908.6 

3139.3 

0.11395 

1.04065 

2.6025 

0.2088 

0.01899 

74.08 

54.69 

94.23 

769.50 

259.25 

510.24 
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(U)  The  Ship  Structure  Committee  (SSC)  identified  a  lack  of  information  required  for  structural  integrity  and 

damage  tolerance  analyses  of  aluminum  marine  structures.  The  development  of  such  data  is  vital  in  light  of  the 
increased  use  of  aluminum  alloys  in  marine  construction.  Under  SSC  project  SR-1447,  Fracture  Technology 
Associates  was  contracted  to  characterize,  through  experimental  fracture  mechanics,  the  fatigue  crack  growth 
(FCG)  resistance  and  fracture  toughness  of  three  aluminum  alloys  (5083,  5086,  5383)  used  in  marine  structural 
applications.  Fatigue  crack  growth  testing  was  performed  following  ASTM  Standard  E  647-00  in  laboratory  air 
at  room  temperature  and  in  simulated  ocean  water  per  ASTM  Standard  D  1 1 41 .  Non-linear  fracture  toughness 
testing  was  performed  in  accordance  with  ASTM  Standard  E  1820-01  in  laboratory  air  at  room  temperature. 

For  the  three  different  grades  of  material,  the  difference  in  fatigue  crack  growth  rate  in  laboratory  air  was 
negligible.  In  simulated  seawater  environment,  AA5086  showed  a  slightly  superior  performance.  In  addition,  all 
samples  showed  the  same  ranking  of  toughness  with  the  5086  showing  the  highest  toughness,  followed  by 
5083  and  then  5383. 

(U)  Le  Comite  sur  la  structure  des  navires  (CSN)  a  identifie  des  lacunes  dans  I’information  requise  pour  I’analyse 
de  I’integrite  structurale  et  de  la  tolerance  aux  avaries  des  structures  maritimes  en  aluminium.  Le 
developpement  de  ces  donnees  est  vital  en  ce  sens  que  Ton  utilise  de  plus  en  plus  les  alliages  d’aluminium 
dans  la  construction  maritime.  Dans  le  cadre  du  projet  SR-1447  du  SSC,  on  a  donne  un  contrat  a  la  societe 
Fracture  Technology  Associates  pour  qu’elle  caracterise,  grace  a  des  experiences  de  mecanique  de  la  rupture, 
la  resistance  a  la  propagation  des  fissures  en  fatigue  (PFF)  et  la  tenacite  (resistance  a  la  propagation  brutale 
de  fissures)  de  trois  alliages  d’aluminium  (5083,  5086,  5383)  utilises  dans  des  applications  structurales 
maritimes.  Des  essais  sur  la  propagation  des  fissures  en  fatigue  ont  ete  realises,  conformement  a  la  norme 
ASTM  Standard  E  647-00,  hors  de  I'eau  et  en  laboratoire,  a  la  temperature  ambiante,  ainsi  que  dans  un  milieu 
marin  simule  en  suivant  la  norme  ASTM  Standard  D  1 141 .  Des  essais  sur  la  resistance  a  la  propagation  de 
fissures  non  lineaires  ont  ete  realises,  conformement  a  la  norme  ASTM  Standard  E  1820-01,  hors  de  I’eau  et 
en  laboratoire,  a  la  temperature  ambiante.  Pour  les  trois  nuances  d’alliages  differentes,  la  difference  dans  le 
taux  de  propagation  des  fissures  en  laboratoire  et  hors  de  I'eau  etait  negligeable.  Dans  le  milieu  marin  simule, 
I’alliage  AA5086  a  demontre  une  performance  legerement  superieure.  En  outre,  tous  les  echantillons  se  sont 
situes  a  I’interieur  de  la  mime  plage  de  tenacite,  I’alliage  5086  etant  le  plus  resistant,  suivi  de  I’alliage  5083, 
puis  de  I’alliage  5383. 
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